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PREFACE 

Of late years, in the writing of textbooks of trigonometry, 
a tendency to amplification has shown itself, doubtless with 
the idea that amplification means simplification. Unfortu- 
nately the amplification has spent itself upon details rather 
than upon principles, which latter have too often been in- 
adequately treated. The result has been textbooks which 
overlook the comparative maturity of the boys and girls 
who study trigonometry and which cling almost with affec- 
tion to the practices of the most elementary mathematics. 

The present text aims to present the trigonometry in 
such a way as to make it interesting to students approach- 
ing some maturity, and so as to connect the subject, not 
only with the mathematics which the student has already 
had, but also with the mathematics which, in many cases at 
least, is to follow. A subject may be so burdened with 
detailed explanations as to become monotonous and lifeless, 
or, on the other hand, presented in so concise and difficult a 
manner as to be repellent. The present work endeavors to 
avoid both extremes. Full explanations are given of im- 
portant principles, but many simple details are left to the 
work of the student. 

The following points in the text may be noted : 

1. Positive and negative angles of any magnitude and the 
trigonometric functions of such angles, defined by means of 
a system of rectangular coordinates, are taken up in the 
beginning of the book ; acute angles, with their functions, 
being mentioned as a special case. 

2. Thus the basic trigonometric identities are got at onoe 
for all angles. 
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3. The functions of 0®, 90**, etc., are carefully explained 
by the theory of limits. 

4. The solution of right triangles and related problems 
ara taken up early without the use of logarithms. 

5. Logarithms are then very carefully explained and fully 
discussed, not so much as to their use in computation, but 

> rather so as to clarify their meaning. 

6. Right triangles are then solved by the use of loga- 
rithms, and the essentially approximate nature of all nu- 
merical results is emphasized. 

7. The text next returns to trigonometric identities, giv- 
ing a detailed and accurate proof of the addition formulae 
for sines and cosines, with less detailed but sufficient expla- 
nation of other fundamental identities. The number of 
identities to be memorized is reduced to a minimum. 

8. The circular measure of an angle and the inverse func- 
tions are then taken up, emphasis being laid upon the fact 
that the latter are angles. 

9. There follows the solution of triangles in general. As 
each case is mentioned the theorems or formulae needed for 
its solution are derived. 

10. The last subject treated in the plane trigonometry is 
the solution of trigonometric equations, and the fact is em- 
phasized that the operations are simply the solution of 
algebraic equations applied to a new class of quantities. 

11. The lists of examples and problems are numerous 
and carefully chosen, many of them being taken from work 
in analytic geometry and calculus, though, of course, no 
knowledge of either of these subjects is assumed. Some of 
the problems are entirely new, being invented for this text, 
and all problems are chosen with a purpose to indicate the 
practical interest and value of trigonometry. 

12. In the spherical trigonometry, as in the plane, the 
three chief aims are brevity, clarity, and simplicity; a 
chapter on the Earth treated as a sphere being given to 
enliven an otherwise somewhat formal and lifeless subject. 

13. The author has not tried to revolutionize the teaching 



PREFACE Vli 

of trigonometry, believing that much that has been done in 
the padt is good though none the less open to improvement. 
Such improvement has been the aim of this work. 

The author wishes to acknowledge the kindness of his 
colleagues Professor H. W. Tyler, Professor F. L. Hitch- 
cock, and Professor J. Lipka in reading and criticizing the 
manuscript of his book, and to express his thanks to Pro- 
fessor E. K. Hedrick, editor of the tables appended, for 
permission to make use of them. 

L. M. Passano. 
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INTRODUCTION 

Trigonometry is primarily the science concerned with 
the measurement of plane and spherical triangles, that is, 
with the determination of three of the parts of such tri- 
angles when the numerical values of the other three parts 
are given. This is done by means of the six trigono- 
metric functions, defined in article 4 following. But these 
functions enter so intimately into many branches of mathe- 
matical and physical science not directly concerned with the 
measurement of angles, that their analytical properties are 
of fundamental importance. Analytical trigonometry, that 
is, the proof and use of various algebraic relations among 
the trigonometric functions of the same or related angles, 
is therefore, in modem times, of equal importance with the 
trigonometry which deals with triangular solutions. 

The same functions which enable one to solve triangles 
constructed in a plane suffice also for the solution of spheri- 
cal triangles. But the solution of triangles of which the 
sides are geodetic lines, that is, lines which are the shortest 
distances between pairs of points on the surface, on a sphe- 
roidal surface such as the Earth, requires the use of other 
functions than those needed for the solution of plane or 
spherical triangles. This spheroidal trigonometry is very 
complex, and becomes necessary only in the accurate sur- 
vey of very large tracts of the Earth's surface. For ordi- 
nary purposes of surveying and for the solution of triangles 
on the Earth's surface over small areas, plane and spherical 
trigonometry are sufficient. 

The study of trigonometry, as ancillary to astronomy, 
dates from very early times. Among the Greeks, who, 

• • • 
XUl 



xiv INTRODUCTION 

however, were more famous as geometers than as mvesti- 
gators in other branches of mathematics, the names of 
Hipparchus (about 150 b.c.) and of Ptolemy (who lived in 
the second] century of the Christian era), both astronomers, 
are prominent. Hipparchus left no mathematical writings, 
but we are told by an ancient writer that he created the 
science of trigonometry. Ptolemy, making use of the inves- 
tigations and discoveries of Hipparchus, perfected the form 
of the science. The theorems of these two astronomers are 
still the basis of trigonometry. 

Ptolemy calculated a table of chords, which were used in 
those earliest days of the science, as we now use the sines 
of angles. The radius of a circle he divided into sixty 
equal parts. Each of these he divided again into sixty equal 
parts, called, in the Latin translation of his work the 
Almagest, '^ partes minutae primae " ; and each of these in 
turn into sixty, called << partes minutae secundae '^ ; whence 
have come the names "minutes" and "seconds" for the 
subdivisions of the angular degree. Ptolemy, however, was 
not the first to calculate a table of chords, Hipparchus, 
among others, having done so previously, but he invented 
theorems by means of which the calculations could be more 
readily made. 

The Hindus, more skillful calculators than the Greeks, 
acquired the knowledge of the latter and improved upon it, 
notably in that they calculated tables of the half-chord, or 
sine, instead of the whole chord of the angle. The Arabs 
also were acquainted with the Almagest, and with the 
investigations of the Hindus. It was an Arab, Al Battani 
or Albategnius, who first calculated a table of what may be 
called cotangents, by computing the lengths of shadows of 
a vertical object cast by the sun at different altitudes. 
Another Arab invented, as a separate function, the tangent, 
which had previously been used only as an abbreviation of 
the ratio sine to cosine. Curiously enough this invention 
was afterwards forgotten until the tangent was re-invented 
in England in the fourteenth century by Bradwardine, and 
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in the fifteenth century by the German, Johannes Mtlller, 
called Regiomontanus, who wrote the first complete Euro- 
pean treatise on trigonometry. 

When Napier * invented logarithms, in 1614, they were at 
once adopted in trigonometric calculations, and the first 
tables of logarithmic sines and tangents were made Vy 
Edmund Gunter, an English astronomer (1581-1626). He 
it was who first used the names cosine, cotangent, and co- 
secant. During the following century the science of trigo- 
nometry progressed slowly, becoming more analytical in 
form, until, in the hands of Euler (1707-1783), it became 
essentially what it is at the present day. 

With this brief introduction to the history of trigonom- 
etry let us now proceed to become acquainted with that 
homely, perhaps, but most serviceable handmaid to so many 
of the arts and sciences, 

** . . . being just as great, no doubt, 
Useful to men, and dear to God, as they I " 

J ♦ John Napier, 1550-1617. 
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CHAPTER I 

THE TRIGONOIKETRIC FUNCTIONS OF ANY ANGLE, AND 
IDENTICAL RELATIONS AMONG THEM 

1. Rectangular Coordinates. Two lines, oi^x and ]fy^ drawii 
in a plane at right angles to each other, as in Fig. 1, form 
a system of rectangular, Cartesian coordinates. The point 
in which the lines intersei;t is called the origin ; the two 




lines are called the axes of coordinates. One of these, 
usually the horizontal line, is called the axis of abscissae, or 
the axis of x. The other is called the axis of ordinates, 
or the axis of y. We shall speak of XOY, YOX\ X'OT, 
and Y'OX as the first, second, third, and fourth quadrants 
respectively. 

2. Angles of any Magnitude. There are many ways in 
which a system of coordinates is used in mathematics. In 
trigonometry such a system is used primarily in defining 

B 1 
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2 PLANE TRIGONOMETRY [I, § 2 

the trigonometric functions, but before we proceed to do so 
we shall extend our ideas of angles beyond the knowledge 
we obtained of them in the elementary geometry. There 
an angle is defined by some such deiinition as the following : 
the plane figure formed by two straight lines drawn frpm 
the same point. The unit of angles is either the right angle, 
or the degree, and the largest angle usually dealt with is 
equivalent to two right angles and is often called a straight 
angle. In trigonometry, on the other hand, we deal with 
angles of any magnitude whatever. . To do so we introduce 
the idea of motion, of revolution. Starting from the initial 
position OX, Fig. 1, we may revolve the line about in 
the direction indicated by the arrows, stopping in any 
desired terminal position OPi, OP2, OP3, OP4, etc. In this 
way angles of any number of degrees whatever may be gen- 
erated. Thus, if we stop in the position OF, we have an 
angle of 90°; in the position OX', 180°; in the position 
OP3, 225° ; in the position F', 270°, and so on. By mak- 
ing one whole revolution we should arrive at an angle of 
360° ; two and one half revolutions, 900°; etc. 

Not only so, but we might revolve from the initial posi- 
tion OX in the opposite direction. Now oppositeness is 
indicated algebraically by the use of the signs plus (-h) and 
minus (— ). So that if we agree to take the positive direc- 
tion of revolution counterclockwise, then clockwise will 
be the negative direction and we can thus generate negative 
angles of any magnitude whatever. Thus, Fig. 1, the 
angle XOP3 is 225° if we have revolved in the positive 
direction, but is — 135° if we have revolved in the negative 
direction. When an angle lies in value between 0° and 90** 
it is said to be an angle in the first quadrant since its 
terminal side lies in the first quadrant. An angle lying in 
value between 90° and 180° is said to be in the second 
quadrant; between 180° and 270°, in the third quadrant; 
between 270° and 360°, in the fourth quadrant. 
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EXAMPLES 

Construct the angles 

1. 800°. 3. 760°. 5. -1215^ 

2. -210°. 4. -496°. 6. 420^. 

Add the following angles graphically : 

7. 720° and 30°. 10. 990° and - 60°. 

8. - 180° and 60°. 11. - 46'' and 120°. . 

9. - 90° and - 46^ 12. 136° and - 460°. 

If ^ is a positive angle in the first, second, third, or fourth quad- 
rant respectively, add graphically 

13. 460° and ^. 15. 180° and -^. 

14. - 270° and A. 16. - 640° and - A. 

3. Abscissa, Ordinate, and Distance. Consider an angle, 
positiye or negative, of any magnitude whatever*, XOP, of 




Fig. 2. 

Fig. 2. From P, any point in the terminal side of this 
angle, drop a perpendicular upon the axis of x. The lines 
of the figure are named as follows: OM is called the 
abscissa of the point P, MP the ordinate, and OP the dis- 
tance. The abscissa 03f and the ordinate MP are together 
called the co5rdinates of the point P. Note very carefully 
that the abscissa is always read from to M, the ordinate 
from Jf to P; that is, in each case from the axis to the 

* As a matter of convenience we do not consider angles numerically 
greater than 360°. It is obvious that the discussion applies equally well 
to such angles. 
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point. The distance is read from to P, Thus, for an 
angle in the second or third quadrant the direction of the 
abscissa is opposite to that of an angle in the first or fourth 
quadrant. For an angle in the third or fourth quadrant 
the direction of the ordinate is opposite to that of the 
ordinate of an angle in the first or second quadrant. 
Oppositeness in direction being distinguished as usual by- 
difference in algebraic sign we have the following con- 
ventions : 

Tlie abscissa measured to the right of the axis of y is 
positive ; to the left^ negative. The ordinate measured up- 
ward from the axis of x is positive ; downward, negative. 
The distance is measured from the origin outward and is 
taken positive, 

EXAMPLES 

1. The abscissa of a point is 3, its ordinate 4 ; find the distance. 

2. The distance of a point is 5, its ordinate 4 ; find the abscissa. 

3. The ordinate of a point is — 2, its distance 3 ; find the abscissa. 

4. The ordinate of a point is — 6, its abscissa — 4 ; find the 
distance. 

5. Prove that the square of the distance of any point is equal to 
the sum of the squares of the abscissa and ordinate. 

6. Prove that for all points on a straight line through the origin 
the ratio of the ordinate to the abscissa is constant. 

4. The Trigonometric Functions Defined. Let uis now 
proceed to define the six trigonometric functions of an 
angle; six quantities which depend upon the angle for 
their values. They are the possible ratios between the 
various pairs of the three lines named in Art, 3. Thus, 
Fig. 2, the 

ir-nn Ordinate of P MP 
sine XOP = = — , 

distance of P OP 

abscissa of P __ OM 
distance of P"" OP ' 

tangent JTOP ^gr dinate of P ^jtfP 

abscissa of P Om 



cosine XOP = 



\l 
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cotangent XOP 


abscissa of P CM 
ordinate of P MP' 


secant XOP 


distance of P OP 
"" abscissa of P~" OM^ 


cosecant XOP 


distance of P OP 
ordinate of P MP 



Three other functions are sometimes used : The versed 
sine, which is unity minus the cosine ; the co versed sine, 
which is unity minus the sine ; the suversed sine, which is 
unity plus the cosine. They are relatively unimportant. 

5. Trigonometric Functions are Ratios. The first thing 
to be noted about these functions is that, being ratios, they 
are independent of the actual lengths of the abscissa, 




ordinate, and distance. Thus, Fig. 3, the triangles OMyPi, 
pM^iy and OM^P^ being similar, their homologous sides 
are proportional, so that 

sin XOP=^^= ^-^ = ¥^, 
OPi OPi OPs' 

• 

OMi OM, OM^ ' 

Similarly the truth of the statement may be shown for 
the remaining functions. 



LV 
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6. Signs of the Functions. The second point to be noted 
is that the signs of the functions vary according to the 
quadrant in which the angle lies. Thus, Fig. 2, for the 
angle XOP in the first quadrant the abscissa, ordinate and 
distance are all positive so that all the functions are 
positive. For the angle XOP in the second quadrant the 
ordinate and distance are positive, the abscissa negative. 
Thus we have for the angle in the second quadrant 



sin XOP = 


MP 
OP 




cos XOP = 


OM 
OP 


-f 


tan XOP = 


MP 
OM 


+ 


cot XOP = 


OM 
MP 


+ 


sec XOP = 


OP 
OM 


4- 

■ 


CSC XOP= 


OP 
MP 


.+ 

+ 



=^^=^ = +. 



The following table gives the signs of the functions in 
the four quadrants. 



Quad. 


I 


II 


Ill 


IV 


Quad. 


sine 


+ 


-f 


— 


— 


cosecant 


cosine 


+ 


-^ 


— 


+ 


secant 


tangent 


+ 


— 


+ 


— 


cotangent 



EXAMPLES 

Determine the algebraic signs of 

1. cos 218^/ 3. sin 1100°. '' 5. sec 316°. ^ 

2. tan (-460°).' 4. cot(-99°).v 6. esc (- 210°).j 

7. Let the student determine, as above, the signs of the trigono- 
metric functions of angles in the third and fourth quadrants. 
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^. Functions of Acute Angles. A special set of definitions 
for the functions of acute angles, which are sometimes 
useful and should be known, follows directly as a special 





1 / 


p 




\ 


/ 






X' ■ hi 


A ' 




X 


M ^ 


\' ' 


h 





Fig. 4. 

case of the general definitions given above. Thus, Fig. 4, 
in which the angle XOP lies in a right triangle, 

«• vr^D ordinate opposite side 
distance hypotenuse 

xTAiD abscissa adiacent side 

cos AOP = -p— —-^ 7 , 

distance hypotenuse 



Njo 



tan XOP = ^ = ^221^1^, 
abs. adj. side 

ord. opp. side' 

xop = ^^^^' = ^ypQ^' 

abs. adj. side' 

^r\p _ dist. __ hypot. 
ord. opp. side* 



sec 



CSC 



These definitions, it must be noted, completely agree 
with the more general definitions, but are applicable only 
to angles less than ninety degrees, since angles greater 
than ninety degrees cannot occur in right triangles. 

8. Reciprocal Functions. Two questions would naturally 
suggest themselves at, this point : Are the trigonometric 
functions of an angle related to each other in any particular 
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way? and, second, if there be a definite relation between 
two given angles will the functions of those angles bear 
some special relation to each other? We shall proceed to 
answer the first of these questions aflB.rmatively, but shall 
leave the discussion of the second question to a later 
chapter (Chap. II). Thus, if a be any angle, it follows 
by the defii^itions of the trigonometric functions that 



sin a = 



cos a = 



ordinate 
distance 


1 

" dist. 
ord. 


1 

~~ CSC a 


abscissa 
distance ~ 


1 
" dist. 
abs. 


1 

" sec a 


ordinate 
abscissa " 


1 
" abs. ' 


1 
" cot a* 



tana = 

abscissa 

ord. 

or, the si7)e and cosecant, the cosine and secant, the tangent 
and cotangent respectively of the same angle 'are reciprocals 
of each other. 

9. Tangent, Sine and Cosine. Again, by definition, and by 

Art. 8, 

ordinate 

ordinate distance sin a 

tana = -:; — ; = — r* — : — = > 

abscissa abscissa cos a ' 



cot a = 



distance 
1 1 cos a 



tan a sin a. sin a. 
cos a 



These relations may be proved otherwise, thus, Fig. 6: 

MP 

. ^^^ MP OP sin XOP 
^""^^^^OM^m" cos XOP' 

OP 
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OM 
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OM OP cos XOP 



cot XOP = ^TTT^ = rrrrr = 



MP MP sin XOP 
OP 




Fig. 5. 



10. Sine and Cosine. Also, Fig. 5, it is obvious that 

J^' + OM^ = 0P\ 

Dividing each term by OP^ gives 

. Whence, by definition, 

(sin XOPf-V (cos XOPy = 1 
or, as it is usually written, letting a = A XOP, i/ 

sin^ a 4- cos^ a = 1. 

11. Tangent and Secant. Similarly, writing the first 
equation of Art. 10 in the form 

and dividing each term by OM^y we have 
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That is (sec XOPy = (tan XOPy + 1 

or, sec^ a = tan^ a + 1. 

In the same way we obtain the relation 

cse2 a = cot2 a + 1. 

12. Fundamental Relations. These relations, summarized 
below, are of great importance and must be memorized. 

(1) 



sin a = , 

CSC a 


cosa = , 

sec a 


tana=s , 

cot a 


CSC a = , 

sin a' 


seca = , 

cos a 


cot a = . 

tana 


tana-«^^ 







(2) 
cos a sin a 

sin* a -f cos^ a = 1. (3) 

8ec2 a = 1 -h tan2 a, csc^ a = 1 + cot* a. (4) 

13. By means of the identities of Art. 12 the value of 
any one of the trigonometric functions may be expressed in 
terms of each of the other five. Thus, by (3) 



sin a = VI — cos2 a. 

By (2), (1), and (4), > 

, ^ tan a tan a 

sin a = tan a • cos a = 



sec a Vl + tan2a 
where the radical may be either plus or minus. 

14. To Compute the Values of the Other Functions viieoi Ona i 
Function of an Angle is Given. By means of the relationff ] 

of the preceding article if the value of any one functicm of ?g 
an angle be given, the values of the remaining funotiom 
may be found, but a simpler method of obtaining them il 
illustrated by the following examples. 
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Example 1. Given sin -4 = — |, find the values of the 
remaining functions. 

ord. m»2 ^ 2_--2 

^ 3 3 * 



sin -4 = 



dist. 



m • 3 



The distance being always positive, the minus sign nec- 
essarily is taken with the ordinate. Therefore, Fig. 6, 
construct an angle whose ordinate is — 2 and whose dis- 



Mi -TT^: 




o^xtTT M, 



y' 
Fio. 6. 



tance is 3, or any multiple (m) of — 2 and 3. The third 

side of the right triangle is ± V9 — 4 = ± V6. This is 
the value of the abscissa and we may write the values of 
the six functions from the definitions. 



t 

{ 



sin XOP^ = 


~3' 


COB XOPi = 


V5 
3 ' 


tan XOPi = 


2 • 
V6' 


cot XOPi = 


V5 
2 ' 


sec XOPi = 


3 

V6' 


C8C XOPi = 


3 
~2' 



sin XOP^ " ""q' 

o 



COS XOP, = 



taa XOP., = - 



cot XOPi = - 



2 



V5' 

V5 



2"' 



sec XOPji = -^, 
CSC XOA = - 1- 
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Example 2. Given cot -4 = — f , find the remaining func- 
tions. 



cot^=^ = -???il^ 
ord. m -4 



5 -6„, 6 
- = or , 

4 4 -4' 



since either the abscissa or the ordinate may be negative. 

Construct an angle XOPi, Fig. 7, having an abscissa — 5 

and an ordinate + 4^ and an angle XOP2 having an abscissa 




+ 5 and an ordinate 
found to be ^/25 + 16 



sin XOPi = 



- 4. In each case the distance is 
Vil, and we may write 

4 



V4l' 



cosXOPi = —J 

vn 

tanXOPi = -^, 

cot XOPi = - -, 

4 



sin XOP2 = - 



cos ZOP2 = 



VS' 



vs' 



tanX0P2 = -^, 

5 

cotXOP2 = -?, 

4 



sec XOPi = - 



V41 
~6~' 



sec XOP^ = 



CSC XOPi = 



VIl 



CSC XOP2 = - 



V4i 
Vii 



It will be seen that the ambiguity of the two sets of values 
will occur in every case, no matter what function be given and 
no matter whether the sign of the given function be plus or 
minus. 
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EXAKPLES 

Find the values of the remaining functions, given that / 

1. sin a = ^. ^ 3. cot a = — 3. 5. sec a = 4. 

2. cos a = - f. 4. tan a = f . 6. esc a = — -y. •^ 

7. If sin X = 5, can the values of the remaining functions be 
found ? . Why ? 

• 8. If sec X = ^, can the values of the remaining functions be 
found ? Why ? 

9. If tan X = — 4, can the values of the remaining functions be 
found ? Why ? 

10. Given sec a = |, find the functions of 90° — a. 

11. Given cot a = x, find the functions of 90° — a. 

Prove the following relations : 

12. co8ft= ^t« _v ^g,^_ Vl+tan2« 

13. cot a = ^ • 20 costt _ 1 4-8in« ^ 

Viec^a-l ' 1-sina cos a 

14. seca= ^^« ='^^21. *^5^=sina. 

V csc2 a — 1 sec a 

15. ain«= ^ .y 22. ?®^ = csc^ a + sec^ a. 

VI 4- cot2 a 8in2 a 



17. tana = 

18. cota = 



cos a 
sin a 



VI - sin2 a 
cosa 



Vl — cos* a 
L^^-'^SlS! sec' a — csc^a = tan* a — cot* ot. 



V 


23. 


cot a ^^„ ^ 
= cos a. 

CSC a 


V 


24. 


t^n a • CSC a = sec a. 


7 


25. 


ortn n . aipp n — 


rtr\a *i» . a£k/> yi« 



CHAPTER II 



I 

I': 



IDENTICAL RELATIONS AMONG THE FUNCTIONS OF 
RELATED ANGLES. THE VALUES OF THE FUNC- 
TIONS OF CERTAIN ANGLES 

15. Functions of Negative Angles. We shall now proceed 
to determine the relations which exist among the functions 
of two angles when those angles are relate^ in some par- 




PlG. 8. 

ticnlar way. Let us consider first two angles one of which 
is the negative of the other, Fig. 8. Let the value of the 
positive angle XOP be a, and of the numerically equal ; 
negative angle XOP' be — a. On the terminal sides of j 
these angles lay off the equal distances OP and OP'^ aiv 
drop perpendiculars from P and P' upon the axis of 
Tbeae perpendiculars will obviously cut the axis of x 

14 
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the same point, M, and the two right triangles MOP and 
MOP' will be congruent. Therefore, OP'=OP, 0M= OM, 
and MP' = - MP. We then have 

, , . MP' -MP , ^ 
•i-(-a)=OP' = -Qp- = ~'^*' 

co.(-a)=|^ = M=co.a, 

cot ( — a) = 7 = = — cot a, 

8ec(— «)= ^ — = ^ = 8eca, 
^ ^ OM OM *. 

. . OP' OP » 

«««(-«)=]^=z:^=-e8c«* 

Thus any function of a negative angle is equal, numeri- 
cally, to the same function of an equal positive angle. The 
algebraic sign is determined by the quadrant which — a lies 

in when a is acute. 

\ 

16. Functions of 90° — a. Consider next two angles, 
a and 90° - «, Fig. 9. Let XOP be the angle a and XOP' 
be 90** — a. Lay off on the terminal sides of these angles 
the equal distances OP and OP', and from P and P' drop 
perpendiculars* PM and P'M' upon the axis of x. Then 
obviously the right triangles MOP and M*OP' are congru- 
ent, aiid OP =s OP, M'P ' = OM, and OM' = MP. There- 
fore, 

sin (90^- a)=^^' = ^= cos a, 
^ ^ OP' OP ^ 



^P 



COS (90 — a) = — — = — — = sin a, 
^ ^ OP' OP 



^ * By virtae of Art. 12, it is necessary to memorize only sin (~ a) and 
(- a). , 
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. |lff> 



tan(90°-«)= 



= = cot a. 

OM' MP ' 



«„*/aAo N OM' MP . 
«'t(90-«)=^^5^ = — = ten«, 



8ec(90°-«) = 
csc(90''-«) = 



OP' OP „„„ 
: = = CSC a," 

OM' MP ' 

OP' OP 

= = sec a. 

M'P' OM 




J 



Fio. 9. 

Thus we see that each of the functions of 90° — a isi 
equal, numerically, to the co-function of the angle a. The 
important case is when a is acute, and a and 90° — a are 
complementary angles. Indeed it was because of this relar 
tion that the cosine, cotangent, and cosecant received their' 
names. They are the sine, tangent, and sec^>s^of the 
complementary angle. 

17. Functions of 90° + a. We shall consider two id 
cases, limiting the discussion to acute values of a, alth c 
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/ 



the results will be equally true for any value oLa whatever. 
In Fig. 10 let the angle XOP be <jc and XOP' be 90** + «• 
On the terminal sides of these angles lay off the equal dis« 
tances OP and OP', and from P and P' drop perpendiculars 
P3f and P'M' upon the axis of x. It follows that the two 




triangles MOP and M'OP' are congruent and that OP' 
= OP, M!P' = OM, OM' = - MP, Therefore, 

. ,r.r.o . X M'P OM . _ 



Olli 




U,J- 


OP' 


■——- : — UUO 

OP 


w. 


cos 


(9(y + 


«)= 


OM' 
OP 


-MP 
OP 


-sin a, 


tan 


(90° + 


«)= 


M'P' 
OM' 


OM 
-MP 


— cot a, 


cot 


(90» + 


«)= 


OM 
M'P' 


-MP 
OM 


— tan a, 


sec 


(90° + 


«)= 


OP 
OM' 


OP 
-MP 


- CSC a, ' 


CSC 


(90° + 


a) = 


OP' 
MP* 


OP 

— — .= seca. 

OM 



liV 



F 



. Functions of 180** + a. In Fig. 11 let the angle XOP 
\iV^L and XOP be ISO** + a. On the terminal sides of these 
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i 



B 



>■. 



y 



angles lay off the equal distances OP and OP*, and from 
P and P drop perpendiculars PM and P'M^ upon the axis 




Fig. 11. 



of X. Then the triangles MOP and M'OP' are congruent 
and OP' = OP, M'P' = - MP, 0M'= - OM. Therefore, 

sin (180° -f a) :=.M^ = =i^^- sin a, 



OP' 



OP 



COS (180 4- fx)=-——- = — — — -= — cos a, 
^ ^ OP' OP 

^(180° + «) = ^ = 5^ = tan«, 

4./-IQAO . N OW —OM ^ . 

cot (180** + «)=-—— = — ^^^= cot a, 



Jf' P' - MP 



sec (180^4- «) = 



CSC (180° -f a) = 



OP' OP 



OJif' - OM 



= — sec a, 



OP' 



OP 



M'P' - Jf P 



= — csca. 



19. Generalization. In a similar manner may be found 
analogous relations connecting the functions of an angle a 
with the functions of any integral multiple of 90** plus or 
minus a. Upon examining these relations we are led, by 
induction, to express them in the following general rule. 

Any function of an even * mvUiple of 9(f plus or minuM j( 
is the 8Bme function of the angle a, ':■■ 



* Zero is taken as an even number, so that the rale inelndet tht i 
of Art. 15. 
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Any function of an odd multiple of 9(f plus or minus a is 
the co-function of the angle a. 

The algebraic sign of the value is determined by the quxid- 
rant (counting in the j)ositive direction) in which the terminal 
side of the angle lies when a is acute. 

Examples. 

1. sin (720** — a) = — sin a, since 720** is an even multiple 
of 90° and the terminal side of 720° — a, when a is acute, 
lies in the fourth quadrant. 

2. cot (— foo® -;- «)= tan a, since — 90° is an odd multiple 
of 90° and tne terminal side of — 90° — a, when a is acute, 
lies in the third quadrant. 

3. sec (—180° + a) = — sec a, since —180° is an even 
multiple of 90° and the terminal' side of — 180° -i-aya acute, 
lies in the third quadrant. 

4. tan 281° = tan (270° + 11°) = - cot 11°, or 

tan 281° = tan (360° - 79°) = - tan 79°, 

[270° . 
smce { «^^« IS an 



1360° 



multiple of 90° and the terminal 
I even ^ 



side of 281° lies in the fourth quadrant. 

EXAMPLES 

By means of a geometrical construction express each of the follow- 
ing as a function of a, where a is an acute angle. Check your results 
by the rule given above. 

1. cos(270° + «)V 5. cot (270° -a). 

2. sin (180° - a).-^ 6. sec (270^ -a). 

3. cgc(-90° + a). 7. sin (- 180°- a). 

4. tan (540° + a). 8. cos(- 270° + a). 

Express as a function of an acute angle 

9. dn824°.y 13. sec (-637°). 

10. cos (-376°). 14. cot 1140°. 

.' 11. tan 467°. 15. tan 496°. 

12. OBC(-801°82'). 16. cos (-480°). 




( 
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20. Fonctiona of Certain Angles. We see by the preced- 
ing article that the functions of angles greater than 90**, 
and of negative angles, can be expressed in terms of the 
functions of angles lying between 0** and 90°. It follows 
that if we wish to use the trigonometric functions for com- 
putation or for other purposes we need find their values 
only for all positive acute angles. We shall not discuss 
the methods by means of which these values are computed 
in general, but shall proceed to find the values of the func- 
tions of certain angles which frequently occur. We shall 
then, in the following chapter, show how we may find the 
values of the functions of any angle from tables with which 
we are provided. We shall see, also, how the values thus 
found may be used in the solution of triangles ; that is, in 
finding the unknown parts, angles or sides, of a triangle 
from parts which are given. 

21. Functions of 30° and 60°. Let the angle XOP, Fig. 12, 
be an angle of 30°, and from P drop a perpendicular, PM^ 



■-s 







y 




P 

2 




%' 




^-Itf 






X. 







y' 


aVI K 
2 -. 


1 





Fig. 12. 



upon the axis of x. Then, as we know, the angle 0PM is 
60°, and if OP have the value a, MP must be equal to ^ 

and OiHf equal to -^— . Therefore, by definition, . 



^ 



^ 
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a 



. „„ MP 2 1 



a 



aV3 

„„ OM 2 V3 
CO830 =_ = __=_, 



MP -S^ 1 
03f aV3 V3 



aV3 



-^=^= 



a 



= V3, 



QAo OP a 

sec 30 = ^r^rv= 



^> 



OJf aV3 V3 



CSC 30° = 



2 



By a similar cojistruction, or by the relations of Art. 16, 
the following values may be derived : 



sin 60** = 



V3 
"2"' 



cos 60** = ^, 



tan 60° = V3, 
1 



cot 60° = 



sec 60° = 2, 
2 



V3' 



CSC 60" = 



V3 







y y 


p 








iS/T/ 


« 




x' 




A 




X 









A 


• 



Fig. 13. 



22. Functions of 45°. Let the angle XOP, Fig. 13, be an 
angle of 46°, and from P drop a perpendicular, PJf, upon 
the axis of x. Then the angle 0PM is an angle of 45°, and 
if OM have the value a, MP also will be equal to a and OP 
>will be aV2. Therefore, by definition, 
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. . Ko MP a 1 „ ^ Ko OM a 1 

8in 45 = --— ir = = . cos 45 = --— = 



OP aV2 V2' OP aV2 V2' 

teii45o = ^=2=l, cot45° = ^=? = l, 

OJIf a ' MP a ' 

3ec45o=^ = «^ = V2, c8c45o=^=^ = V2. 
OM a MP a 

23. Functions of Other Angles Readily Found. By sim- 
ilar constructions the functions of 120°, 150°, 135°, etc., or, 
in general, any integral multiple of 90° plus or minus 30**, 
60°, or 45°, may be found. They may be found more 
readily, however, by using the rule given in Art. 19. Thus, 

sin 120° = sin (90° -h 30°) = cos 30° = ^ 

or 

sin 120° = sin (180° - 60°) = sin 60° = ^. 

EXAMPLES 

Find the values of the functions of 

1. 120°. 4. 210°. 7. 800°. 

2. 136°. 5. 226°. 8. 316°. 

3. 160°. 6. 240°. 9. 880°. 

Prove that 

10. sin 210° tan 300° = sin 120°. 

11. sec 316° sec 300° = sec 240° sec 226°. 

12. tan 210°: cos 160° = tan 160°: cos 330°. 

13. CSC 330° sec 316° sin 226° = - sec 120°. 

24. Functions of Zero. Let the value of the angle XOP^ 
Fig. 14, be represented by a, and from P, any point in the 
terminal side of the angle, drop a perpendicular, PMy upon 
the axis of x. By definition, 

.„ MP ^. _„ OM 
sin a = — — • and cos a = -—=- . 

OP OP 



.i 
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Now, for the sake of convenience keeping the distance 
OP constant in length, let the line OP approach nearer and 
nearer to the position OX. Then the angle a can be made,* 
smaller than any angle that may be assigned, however 




Fig. 14. 



small, or, as it is otherwise expressed, a will approach the 
limit zero. At the same time MP will approach zero as a 

MP 

limit, and OJIf will approach OP as a limit. Then -— — will 



OM 



OP 



approach the limit zero and —— will approach the limit 

unity. Thus, as the angle approaches the limit zero (or, 
becomes smaller than any value that may be assigned, how- 
ever small) its sine approaches the limit zero (or, becomes 
smaller than any value that may be assigned, however 
small) and its cosine approaches the limit unity (or, differs 
from unity by a number smaller than any number that may 
be assigned, however small). This may be written 



limit sin a = 0, 

a*0 



limit cos a = 1. 



OP 



Again, by definition, esc « = , and as a grows smaller 



MP 
OP remains constant and MP grows smaller, so that 



OP 
MP 



becomes continually greater. Finally, when a approaches 
zero as a limit, MP becomes smaller than any number that 



* And will i^main. 



k 



^ 
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OP 

may be assigned, however small, and —— becomes greater 

than any number that may be assigned, however great. 

OF 

This we express by saying that -— ■ approaches the limit 

JnJr 

infinity, or increases without limit. We may then write 

limit esc a = QO. 



Similarly it may be shown that 
limit tan a = 0, limit cot a = oo. 



OdsO 



OAO 



limit sec a = 1. 



These relations are often briefly expressed, ^ 

sin 0° = 0, tan 0^ = 0, 

cos O*' = 1, cot 0* = 00, 

to which there is no objection if we remember that these are 
merely abbreviations of the preceding statements, and that 



sec 0° = 1, 

CSC 0® =00. 



(6) 




Fig. 15. 



0° means, not that we have no angle, but that we are deal- 
ing with an angle which becomes smaller than any value 
that may be assigned, however small; and that when this 
happens the sine of the angle also becomes smaller than 
any value that may be assigned, however small, the cotangent 



i 
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becomes greater than any value that may be assigned, how- 
ever great, the cosine approaches the limit unity, etc. 

25. Functions of 90°. Let the angle XOPy Fig. 16, be 
represented by a, and let OMy MP, and OP be respectively 
the abscissa, ordinate, and distance of P, Also, keeping the 
distance OP constant, let the line OP approach OF as its 
limiting position. Then, 

a approaches the limit 90°, ^ 
OM approaches the limit zero, ^ 
MP approaches the limit OP. ^ 

Therefore, 

limit sin a = limit = 1, 

«*w OP 

limit cos a = limit — — = 0, 

cuMW OP 

limit tan a = limit = oo, 

«uy»«» OM 

limit cot a = limit = 0, 

a=fc90» MP 

OP 

limit sec a = limit — — = oo, 

a*90«» OM 

limit CSC a = limit = 1. 

odbgo* MP 

With the same understanding as in the preceding article 
these may be written 

sin 90° = 1, tan 90° = 00, sec 90° = oo, 

cos 90° = 0, cot 90° = 0, CSC 90° = 1. ^ ^ 

26. The student should find, as in Arts. 24 and 25, the 
following : 

sin 180° = 0, tan 180° = 0, sec 180° =-1, ,g 

cos 180° = - 1, cot 180° = 00, CSC 180° = oo. ^^ 

sin 270° = -1, tan 270° = 00, sec270° = oo, 

cos 270° = 0, cot 270° = 0, esc 270° = -1. ^^ 
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27. Limiting Values of the Functions. We have seen 
(Art. 20) that all possible numerical values of the trig- 
onometric functions are given by angles lying between 0° 
and 90®. Let us now see between what limits the values of 
the functions lie. From the discussion and figures of articles 
24 to 26 we see that 



the sine and cosine of an angle lie between — 1 and + 1, 
the tangent and cotangent lie between — oo and -f- oo, 
the secant and cosectxnt lie between 1 and oo or between 
and — 00. 



-1 



/ It is well to note also, for angles in the first quadrant, 
^ that as the angle increases the direct functions increase, 
1 the co-functions decrease. 

A very convenient and simple way to remember the range 
of values and the signs of the trigonometric functions is by 




Fig. 16. 

means of the unit circle, a circle with unit radius, which 
need not be actually drawn but merely visualized. Draw 
such a circle, Fig. 16, with its center at the origin of co- 
ordinates, and let XOP be any angle. Drop the perpei;idicu- 
lar PM upon the axis of X, and draw LQ tangent to the 
circle at L and meeting OP produced in Q. Then, by 
definition. 
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co8xop=^=^=ojtf; 

tan XOP = ^ = ^= ± LQ, etc. 

If now the line OP be pictured as revolving from the 
position O-L, the sine of the angle XOP, namely MP, will 
be seen to increase from zero and approach unity as the 
angle approaches 90®. The cosine, namely OM, decreases 
from unity to zero, and the tangent (LQ) increases without 
limit. Also, as the angle increases beyond 90°, the direc- 
tions of the lines MP and OM indicate the signs of the 
sine and cosine. The other functions follow directly from"^ 
these two by virtue of the relations of Art. 12. 



\ 



CHAPTER III 

THE SOLUTION OF RIGHT TRIANGLES. LOGARITHICS 
AND COMPUTATION BT MEANS OF LOGARITHMS 



28. Solution of Right Triangles. With the definitions of 
the trigonometric functions and tables giving their nu- 
merical values we are now prepared to solve right tri- 
angles ; that is, to find the values of the unknown parts 
from those that are known. Two parts in addition to the 

right angle must be known, 
and one at least of these parts 
must be a side. We have then 
the general rule of procedure : 
Select that trigonometric Junc- 
tion which involves the two 
known parts and one unknown 
part. The value of the un- 
known part can then be computed by elementary algebraic 
processes. 

Example 1. Given A = 32° 16', a = 124, C = 90**, find J5, 
b, and c. See Fig. 17. 

Obviously J5 = 90° - ^ = 90° - 32° 16' = 67** 44'. Then 




FiQ. 17. 



or 



cot A=-, 
a 



6 = a cot A, 

From the tables we find 
cot ^ = 1.6839. 



A a 
sin -4 = -, 

c 



•I - 



c = 



sin^ 



rz '^^ -.1 



sin ^ = .5338;. 
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Therefore, 

6 = 124x1.5839 c= ^^^ 



.5338 
= 196.4. = 232.3. 

Example 2. Given a = 50, 6 = 60, C = 90^ find Ay J5, 
and c. 

In this case, 

taQ^ = ? = ^=.8333. 
b 60 

A = 39^ 48'. 

5 = 90^-^ = 50^12'. 

To find c we may use either 



Sin ^ = - 
c 


or 


c2=a2-f 6* 


sin -4 

50 
.6402 

= 78.1. 


c=Va2-f 62 


= V2500-h3600 
= 78.1. 



EXAMPLES 
Solve the following right triangles : 

1. a = 250, 3. a = .56, 5. A = 69° 68', 
A = 36° 22', c = .70. b = 412. 

2. a = 37.5, 4. 2? = 72" 6', 6. 2? = 24° 33', 
6 = 40.1. c = 502. a = 211. 

PROBLEMS 

■7. What is the height of a flagpole if at a horizontal distance of 
200 feet from the foot of the pole the angle of elevation of its top is 
19** 28'? 

%^ 8. A rope is stretched taut from the top of a building to the 
grormd, and is found to make an angle of 68° 66' with the horizontal. 
If the building is 61 feet high how long is the rope ? 
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9. If a tree 74.3 feet high csusts a shadow 42.6 feet long, how 
many degrees above the horizon is the sun ? 

10. A man walking on level gromid finds, at a certain point, that 
the angle of elevation of the top of a tower is 30°. He walks directly 
toward the tower for a distance of 300 feet and then finds the angle 
of elevation of the top to be 60°. What is the height of the tower ? 

11. At a point, A, south of a tower the angle of elevation of the 
top of the tower is 60°.. At another point 300 feet east of A the angle 
of elevation is 30°. What is the height of the tower ? 

12. The angles of a right triangle are 42° and 48° ; the hypotenuse 
is 200 feet. What is the length of the perpendicular from the right 
angle to the hypotenuse ? 

V^ 13. The height of a gable roof is 20 feet, its width 42 feet. What 
is the pitch of the roof ; that is, the angle it makes with the 
horizontal ? 

14. From where I stand a tree 50 feet away has an angle of eleva- 
tion of 43° 31'. From the same point another tree, 76 feet distant, 
has an angle of elevation of 32° 20'. Which tree is the taller and by 
how much ? 

29. Logarithms. The solution of right triangles as thus 
explained is simple in theory but may become laborious in 
practice because of the arithmetic computation involved. 
Fortunately we have in logarithms a device for simplifying 
such computation. The base of a system of logarithms is, 
in general, any arbitrarily chosen number.* In practice 
two systems are used ; the Briggsian or common system of 
which the base is 10 ; and the Napierian system of which 
the base is e = 2.718 —. The logarithm of a number to a . 
given base (a) is the exponent of the power to which the 
base (a) must be raised to produce the number. Thus, if 
a* = m, then x is the logarithm of m to the base a ; written 
X = log„ w. 

The word power is used here in its broader sense to in- 
clude fmctional and negative exponents. Defining frac- 
tional and negative exponents in such a way that the laws 
of exponents — a^oP' = a"*"^ ; (a"*)** = a"*** — hold for nega- 
tive numbers and fractions as well as for positive integers, 

* Some numbers, unity, for example, cannot be so used. 



^ 
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values of x may be found to satisfy, approximately at least, 
such an equation as a? = 6, no matter what values a and 6 
may have. Thus, given any number, a, by raising it to a 
suitable power, jp, and extracting a suitable root, q^ of the 
result, we can obtain any other number, h ; that is, Afof = 6. 

But this may be written a* = h or a* = 6, where a? =-^, the 

division of jp by g being carried out to any desired number 
of decimal places. We then call x the logarithm of 6 to the 
base a. 

30. The Common System. For purposes of computation 
the common system, base 10, is used. Let us form a table 
of powers of 10 and express the relations in terms of 
logarithms. 

10-3 = .001, or logio .001 = - 3. 

10-2 = .01, logio.Ol =-2. 

10-^=.l, logio.l =-1. 

100 =1, logj,l =0. 

10* =10, logiolO =1. -^'^ 

10« =100, logiolOO =2. 

10» =1000, - logio 1000 = 3,* 

etc. etc. 

This table could be extended indefinitely in either direc- 
tion. If we examine the table we notice that to produce a 
number between 1 and 10 we must raise the base 10 to a 
. positive power between and 1 ; to produce a number be- 
tween 10 and 100, the exponent of the base must lie between 
1 and 2 ; for a number between 100 and 1000, the exponent 
must lie between 2 and 3, and so on. In other words, the 
logarithm of a number between 1 and 10 lies between and 
1, and is, therefore, a fraction, always expressed as a deci- 
mal. The Ic^rithm of a number between 10 and 100 lies 
between 1 and 2, or is 1 plus a decimal. The logarithm of 

* Hereafter in this work we shall not write the base 10. Thus log 7 
tneane logioT. In general, however, except in works on trigonometry, if 
no base is written, e ^ 2.718 ••• is understood. 



\ 
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a number between 100 and 1000 is 2 plus a decimal. The 
logarithm of a number is thus seen to consist, in general, 
of two parts, an integral part and a decimal part. The 
integral part is called the characteristic of the logarithm ; the 
decimal part is called the mantissa. The results of our 
observations may be summarized thus ; 

NUMBEB BiTWXXN Ck>NTAINS 

1 and 10 1 integral digit 

10 and 100 2 integral digits 1 

100 and 1000 3 integral digits 2 



Charaotxbzstio 
of looabithm 



Whence we formulate the law : Tlie characteristic of the 
logarithm of a number is one less than the number of digits 
in the integral part of the number. 

On the other hand, we observe from the table of this 
article that if a number contain no integral digits, that is, 
if it be purely decimal,- its logarithm is negative. The 
characteristic in this case can be got by counting the num- 
ber of zeros before the first significant figure, prefixing the 
minus sign. It is usual, and better, however, except for 
special purposes, not to write the characteristic of the loga- 
rithm of a decimal number in the 'form just stated, for 
reasons which will now be pointed out. 

31. The Mantissa. In the common system the mantissa 
of the logarithm of a number can be made to- depend only 
upon the sequence of digits in the number, and be inde- 
pendent of the position of the decimal point. Let us 
assume that we know the logarithm of 1.285 to be 0.1089. 
It follows, multiplying successively by ten, that 

100.1089 ^ 1 285, or log 1.285 = 0.1089. 
101.1089^12.85, log 12.85 =1.1089. . j 

102.1089 ^ 128.5^ log 128.5 = 2.1089. i 

108.1089^1285, log 1285 =3.1089. 

104.1089 ^ 12850, log 12850 = 4.1089. 



* * 



X 



.i.^« 
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which verifies the law we have stated. If, however, we 
divide lO^-^o^a successively by 10 we find 

l(jaio»-i ^ 10-0.8M1 ^ 1285, or log .1285 = - 0.8911. 
10-L8811 ^ .01285, log .01285 = - 1.8911. 

IQ-2M11 ^ .001285, log .001285 = - 2.8911. 



This is the true form of the logarithm of a purely 
decimal number, and for certain purposes this is the form 
which must be used.* 

It is obvious from the preceding discussion that the 
mantissa corresponding to a given sequence of digits re- 
mains the same as long as the sequence contains one or 
more integral digits, but that as soon as the sequence is a 
purely decimal number the mantissa changes. To obviate 
this difficulty and to keep the mantissa the same for a given 
sequence of digits regardless of the position of the decimal 
point, we note that the number — 0.8911 may be written, 
without change of value, in the form 9.1089 — 10. We 
have added 10 and subtracted 10, and have therefore left 
the value unchanged. We may then say 

log .1285 = - 0.8911 = 9.1089 - 10, 

and if we agree to use the latter formf we see that the 
mantissa of the logarithm of .1285 (that is, 1089) is the 
same as the mantissa of the logarithm of the sequence 1285 
when it contains integral digits. We may now write 

log 1.285 =0.1089 log .1285 =9.1089-10 

log 12.85 = 1.1089 log .01285 = 8.1089 - 10 



and make the statement: In the common system the mantissa 
of a logarithm is unique for a given sequence of digits. The 

* For example, in dividing one logarithm by another. 

t This form, 9.1089 ~ 10, is perfectly convenient as long as the opera- 
tioDB to be performed are addition and subtraction, which are the usual 
opeiatkms in dealing with logarithms. 

D 
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characteristic is one less than the number of integral digits. 
If a number be purely decimal, count the decimxiL point and 
the zeros before the first significant figure. The resuU sub- 
tracted from 10 minus 10 will be the characteristic. 

32. Four Computation Theorems. The use of logarithms 
in computation depends upon the four following theorems : 

I. In any system the logarithm of a product is equal to the 
sum of the logarithms of its factors. 

To prove, Ibg^ mn ••• s = log^ m + log„ n -h ••• + log^ s. 

Let loga m = x then a' =:m 

logaW =y a^ = n 



• • • • 



loga s =z a* = s. 

Whence a' • a^ ••• a* = a*"*^*'+ " '^* = mn ••• «, 
or, by the definition of a logarithm, 

log„ mn •" s^x + y -{- "' +z. 

That is, log„ mn ••• s = log„ m -h log„ w + ••• + log^ a. 

This theorem replaces the operation of multiplication by 
the simpler operation of addition. 

II. In any system the logarithm of a quotient is equal to 
the logarithm of the dividend minus the logarithm of the 
divisor, 

m 
To prove, log„ — = log„ m — log„ n. 

n 

Let loga m = x then a* = m 

loga w = y a^ = n. 



Whence 



a* ^^y m 
a^ n 



:.t-,.^: 
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or, by the definition of a logarithm^ 

n 
That is, 

loga - = log„ m - log„ n. 
n 

This theorem replaces the operation of division by the 
simpler operation of subtraction. 

III. In any system the logarithm of a power of a number 
is equal to the exponent of the power times the logarithm of the 
number. 

To prove, log^ m" = n log„ m. 

Let loga w = a; or a* = m. 

Whence [a*Y = a"* = wi*, 

or, by the definition of a logarithm, 

loga '^ = ^** 
That is log„ m"" ^n log^ m. 

This theorem replaces the operation of involution, or 
successive multiplications, by the simpler operation of a 
single multiplication. 

IV. In any system the logarithm of a root of a number is 
equal to the quotient of the logarithm of the number by the 
index of the root. 

To prove logaV^ = i2&^. 

n 

Let log^ m = a; or a* = m. 

Whence V^ = a» = Vm, 

or, by the definition of a logarithm, 

logaVm=-- 
n 
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That is iog.v;;r=^?«^. 

This theorem replaces the operation of evolution, or 
extraction of roots, by the simpler operation of division. 

Another theorem, important in the theory of logarithms^ 
but of which no application is made in the study of 
trigonometry is the following : 

log„m=l2g^. 

Proof : Let log^ in = x then &* = m 

logft a = y 6* = a. 

m X 

Whence m= b'=:(b^)' = a' 



or, 



1 ic lofffcrn 

log^m =- = — ^^ — 

y logt a 



By means of this theorem the logarithm of a number to 
any base can be found if the logarithms of numbers to some 
one base are known. Thus, assuming that logarithms to 
the base 10 are knoAvn, 

log. 71.24 = l2gioll:M ^ log.0 71.24 ^ L8527 ^ ^^^^ 
^* logioc logio 2.718 0.4343 

As a corollary of the above theorem we have^ putting 
b = 7n, ^ 

log, m = 



log^a 



33. Special Properties of Logarithms. In addition to the 
preceding theorems we may note the following properties 
of logarithms : 

1. In any system the logarithm of 1 is 0. For, by the 
definition of zero exponent, a® = 1 . Therefore, log. 1 ss 0. 

2. In any system the logarithm of the base is 1. 
For a^ = a. Therefore, log, a = 1. 
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3. In any system whose base is greater than 1 the 

logarithm of is — oo. For, a > 1, a"* = — = — = 0. 

a* ^ 

Therefore, log„ = — oo. That is, the base of the system 
being greater than unity, the logarithm of a number which 
becomes smaller than any assigned number however small, 
is negative and numerically greater than any assigned 
number however great. 

4. The cologarithm of a number is the logarithm of theV 
reciprocal of the number. 

Thus, the base being 10, 

colog n = log - = log 1 — log w, 

n 

or, 

colog n = — log w, 
which may be written, 

colog n =(10 — 10)— log n.^ 

Therefore, to find the cologarithm of a number to the 
base 10 subtrctct the logarithm of the number from 10 — 10. 
It may be noted that 

Wl 1 1 

log — = log m • - = log m 4- log - = log m + colog n. 
n n n 

Therefore we may, instead of subtracting the logarithm of 
a number, add its cologarithm. It is found convenient to 
do so in most cases. 

34. The following example will illustrate the use of 
logarithms in making numerical computations. 

Example. 

Find the value of 

'.0005616 X ^- 424.66 / 



4- 



(6.73)4 X (.03194)f 

We note first that, with the definition of logarithms we 
have adopted, negative numbers have no logarithms. But 
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the numerical result of operations of multiplication and 
division is the same no matter what the combination of 
algebraic signs. We therefore find the numerical value of 
any expression, treating all numbers as positive, and deter- 
mine the algebraic sign of the result by considering the 
operations indicated. Thus, in the above example the 

7 / 

factors are all positive except v — 424.66. Therefore, the 
number of which we are to extract the cube root is negative 
and the final result will be negative. 

log .0005616 = 6.7494 - 10 
I log 424.65 = 0.3754 
4 colog 6.73 = 6.6880 - 10 
I colog .03194 = 1.2464 

3 )5.0592 - 10 
log-y= 8.3531 -10 

N= .02255. 

Therefore 

8/.0005616 X V- 424.65^ __ ^2265 



<1 



(6.7Sy X (.03194)4 



Note. The colog 6.73 = 9.1720 - 10, which being mul- 
tiplied by four gives 36.6880 — 40 ; subtracting and add- 
ing 30 this becomes 6.6880 — 10, the desired form of " a 
number minus 10." Similarly to divide 5.0592 — 10 by 
three we first add and subtract 20. Also, in finding five 
sixths of the cologarithm of .03194, we first multiply by 5 
and then divide by 6, in order that any error arising from 
inexact division by 6 may not be increased 5-fold. 

35. We may now return to the problems of Art. 28 and 
solve them by the use of logarithms. 

Example 1. Given ^ = 32° 16', a =124, (7=90**, find 
B, h, and c. 
As before, 

6 = a cot -4, c = — 5^ . 

sin -4 



\\ 
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• 

Therefore 

log 6 = log a 4- log cot -4, log c = log a — log sin A. 

log a =2.0934 log a =12.0934-10 

log cot ^ = 0.1997 log sin ^= 9.7274-10 
log 6 = 2.2931 logc= 2.3660 

6 = 196.4, c = 232.3. 

Example 2. Given a = 60, 6 = 60, (7 = 90°. 
As before, 

tan -4 = - , therefore log tan A = log a — log 6. 

log a = 11.6990 - 10 
log 6= 1.7782 



Also 



log tan ^= 9.9208-10 
A = 39° 48'. 

c= .^ . or log c = log a — log sin A 
sin^ 

log a = 11.6990 - 10 
logsinu4= 9.8063-10 
logc= 1.8927 
c = 78.1. 

It most be emphasized that results obtained by logarith- 
mic computation are approximate. The value of the loga- 
rithm of a number cannot, in general, be found exactly, but 
only approximately to four, five, or any desired number of 
decimal places. The results of numerical computation by 
means of logarithms are not, in any case, correct beyond the 
number of decimal plojces in the logarithms used to make the 
computation. In the same way, the values of the trigono- 
metric functions being, in general, not exact but approxi- 
mate to four, five, or more decimal places, the solutions of 
i triangles got by their use, with or without logarithms, are 
approximate solutions only, to the degree of accuracy of the 
tables used. 
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Indeed, in all but the simplest problems in applied 
mathematics the results are necessairily approximate, the 
data of a problem being themselves approximate. It is use- 
less to try to make results " more accurate " by using tables 
of logarithms or other functions carried to seven places 
when the data are correct only to, say, three figures. In 
general if data are given to three figures, three-place tables 
should be used ; if to seven figures, seven-place tables, etc. 
On the other hand, no matter to how many figures the data 
may be given, if we are using, say, four-place tables, the data 
should be used and results found to four figures only. To 
illustrate these points the following simple example will be 
worked in four ways : 1. by actual multiplication ; 2. by 
using four-place tables ; 3. by using five-place tables ; 4. by 
using seven-place tables. 

Example. Find the value of 

123046 X 200368. 
1. By actual multiplication the result is 24,664,280,660. 
2. 



log 123046 

123 = 5.0899 
log 200368 

200 4 = 5.3019 


log prod 
prod 

jrees with 

log 1230 
log 2003 


uct = 10.3918 

uct = 24,660,000,000 

the first result to fo 

46= 6.09007 
68= 6.30183 



3. 



log product = 10.39190 

product = 24,666,000,000 

which does not agree with the first result to the fifth figure. 
It will be noted that there was an accumulation of errors all 
in one direction. Result 3 is nearer to result 1, however, 
than is result 2. 



Ill, §35] SOLUTION OF RIGHT TRIANGLES 41 

4. log 123041 6= 5.0900640 

log 200361 8= 5.3018284 
log product = 10.3918924" 
product = 24,654,280,000 
which agrees with the first result to seven figures. 

■^ ■ EXAMPLES 

What is the value of 

1. 10io«7.a8. 2. Iogl02-«M. 

3. Given log 2 = 0.3010, logS = 0.4771, find log 12. 

4. Prove IO^^k^+i = 10 a. 

6. Is logl4 = log2.log 7? Why? 

6. I8l2gi0=,10p ^hy? 
logs 3 ^ 



^•^S^^-^lf)^ ^^^' 



Find the value of 

g log .00365 g log 77.95 

log .06312* ' log .00684* 

Find the value of x in the following equations : 

10. logioaj = 3. 12. log<,x = 2. 

11. logio X = j. 13. loge X = J. 

14. logio X . log. X = logio x2. 

16. a logio x — b logio x = a^ — 62, 

16. log,, x3 — log. x2 = 6. 

17. i logio xio - logio x^ = 4. 

Express as the logarithm of a fraction : 

18. log (x2 — 02)2 — log (x2 - a2) - log (x -I- a). 

19. log >/x2 + a2 - log v^x2 + a2 + log (x2 + a2)^. 

Solve the equations : 

20. c* + e-* = 2. 21. e* - e-* = 0. 

22. e2(«-i) - 2 c-i + 1 = 0. 23. e2(*-i) + 2 c*-i + 1 = 0. 

24. Given 10* = 400, prove that x = 2 + logio 4. 

26. Solve the equation 

a2e-ax _ i)2Q-bx = 0. CAssume a > 6) 



42 
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Find the value of cfie-*^ — Ifle"^ : 

26. When X = ^-2^^LllM^. (a>6) 

a — b 

a— 

Compute the values of the following : 

28. log.l. 29. log, 2. 30. log. 3. 31. log, 4. 

By means of logarithms compute the values of : 

^. v^- .002807. 



32. v^.01236. 



33. vmss. 




«g (56.383)^ 



36. 



ViTTii 



99.02 
v^.02983' 



(- 16.65)4 
'• • « , 



y^v^. 



00986 



3g log 771.2 ^ [log (.00915)]*. 40. ^^^'^^ 



40.04 



log .00598 



41. 



62.85 X V3111.59 
- 999.9 X .002008* 



42 (56.3)» X VSO 
V.08888 X 40.19 
^ -45. (.0001)~i. 



43. .V(.001)3. /44. (.01) 

46: i /485.7 X 22.01 x 11.79 ^g (.0002635)"^ ^ 

^ — 55.5 X — 66.66 y" (5362)"* 

47. \/.00298 X .00384 ^ (88)2 x (999)^ 

\^632 X .06302 / ' v^lOOOOOO 



EXAMPLES: SOLUTION OP RIGHT 

Solve the following right triangles, and find 

1. B = 24°23', ; ' 7. 6= .2072, 

a = .4212. 

8. ^ = 82° 6', 



b = .02126. 

2. B = 55°45', 

c = 4116. 

3. B = 43°30', 

a = 26185. 

4. a = 77.38, 
c = 91.08. 

6. B = 76°34', 
b = 2423. 

6. ^ = 67° 47', 
c = .00954. 

19. ^ = 35^8', 
a = 17270. 



b = .08937. 

9. a = .8478, 
c = 1.234. 

10. B = 60°14', 
c = .007745. 

11. ^ = 14° 53', 
a = 1353. 

12. B = 39°22', 



t 



a = 121.2. 



20. 



TRIANGLES 

their aresus : 

13. 6 = 166.6, 
^ c = 866.4. 

14. B = 48°46', 
a = 66650. 

16. B = 74°17', 
b = .00002089. 

16. ul = 29°56', 

c = .0007814. 

17. 6 = 8.248, 
c = 9.276. 

18. B = 68°89', 

c = 35.73. 

b = 3814, 
a = 8661. 
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PROBLEMS 

21. A road rises 848.9 feet in a horizontal distance of one half 
mile. Another road rises the same height in a distance of 8019 feet 
along the road. Which road is the steeper and by how much ? 

22. From a ship sailing due east at the rate of 7.6 miles per hour 
a headland bears due north at 10.85 a.m. At 12.46 p.m. the headland 
bears 3S° west of north. How far was the headland from the ship 
in each position ? 

23. At a distance of 502.8 feet, horizontally, from the center of a 
bridge the sidewalk rises at an angle of elevation of 5°. The roadway, 
beginning 208.5 feet farther away from the center, has an angle of 
elevation of 4° 25'. If a pedestrian and a team enter the bridge at 
the same moment, which will reach the center first, the man, walking 
3.4 miles per hour, or the team, going 5.6 miles per hour ? 

24. A flagpole 20 feet long stands on the corner of a building 
148.6 feet high. Find the angle subtended by the flagpole from a 
X>oint 100 feet distant from the foot of the building in a horizontal 
line. 

25. If the radius of a circle is 885.4 feet, what is the length of the 
chord which subtends an arc of 45° 37' ? 

26. In a circle whose radius is 85.37 inches is inscribed a regular 
polygon of fifteen sides. Find the length of a side. 

27. A tree 214.8 feet high casts a shadow 167,4 feet long. How 
many degrees is the sun above the horizon ? What is the time of 
day if the sun rose at six o^clock and will set at six o^clock ? 

[AflBume that the sun passes through the zenith.] 

2a A gable roof is 23.4 feet high and 90.6 feet broad. By how 
much must the height be reduced to reduce the pitch of the roof 40 
per cent? 

NoTB. The pitch of a roof is the angle between the slope of the 
roof and the horizontal line. 

29. From the top of a cliff 378.6 feet above the sea, the angles of 
depression of a boat and a buoy, in line with the observer, are found 
to be 29° 20' and 11° 50' respectively. Is the boat or the buoy farther 
from the base of the cliff ? How much farther ? 

30. The point B is 1249 feet due east of the point A, and the point 
C is 376 feet due east of B. The angle of elevation of B above A is 
9° 13' ; of above B, 7° 28'. A raihroad runs from A to C via B. 
■What IS the increase in altitude from .^ to C ? 
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31. If, in Example 30, the railway could, by grading, be made to 
run in a straight line from ^ to C, what would be the angle of eleva- 
tion of the new route ? 

32. How much shorter would the railway of Example 81 be than 
the railway of Example 30 ? 

33. Taking the earth as a sphere of radius 3056 miles, what is the 
length of the radius of the Arctic Circle, latitude 06° 32' N. ? 

34. Taking the earth as a sphere of radius 3966 miles, wliat is the 
latitude of a place which Is 2113 miles from the earth's axis ? 

36. A vessel sailing due south at a uniform rate observes at 
7.15 A.M. that a lighthoiLso bears 70° east of south. At 8.05 a.m. the 
hghthouse is 12.75 miles due eiist from the ship. How far from the 
ship, and in what direction, will the lighthouse be at 9.30 a.m. ? 

* 

36. A ship sailing due south at a uniform rate observes, at 6 a.m., 
a lighthouse 11.25 miles away, due east. At 0.30 a.m. the lighthouse 
bears 17° 57' north of east. Wh«at will be the bearings of the light- 
house from tlie ship at 9 a.m. ? How fast does the vessel sail ? 

37. Taking the Earth as a sphere with diameter 7912 miles, what is 
the distance of the farthest point on the Earth's surface visible from 
the top of a mountain 8200 feet in height ? 

38. The towns B and C lie due east from the town A, B being half- 
way from Ato C, which are 5 miles apart. The town^ B, C, and D 
are equally distant from each other. How far is D from A and in 
what direction ? 

39. A ray of light from a source, A, strikes a mirror, 102 mm. 
broad, at a point two thirds of the way from the edge. The ray is 
then reflected to -& at a perpendicular disttmce 25.7 mm. from the 
mirror. Find the length of the path traveled by the ray. 

40. From a window of a house, on a level with the bottom of a 
spire, the angle of elevation of the top of the spire was 41°. From 
another window, 20.5 feet directly above the former, the like angle 
was 37° 31'. What was the height of the spire ? 

41. Having at a certain (miknown) distance measured the angle of 
elevation of a cliff, a surveyor walked 00 yards on a level toward the 
cliff. The angle of elevation from tliis second station was the com- 
plement of the fonner angle. The surveyor then walked 20 yarda 
nearer the cliff, in the same line, and found the angle of elevation 
from the third station to be double the iflrst angle. How high was 
the chfE ? 



i 



cha'pter IV 

FUNDAMENTAL IDENTITIES 

36. In this chapter we shall discuss some of the impor- 
tant relations of analytical trigonometry. The number of 
such relations is, of course, unlimited, but there are a few, 
of frequent occurrence and of fundamental importance, 
upon which the others depend ; it is this fundamental group 
with which we shall now deal. Let us first observe how 
the need for some of the relations may arise. We have 
seen (Art. 27) that as the angle increases from (f the sine 
of the angle also increases. But does the sine increase at 
the same rate as the angle, so that, for instance, if the 
angle be made twice as large the sine also becomes twice 
as large ? This is* obviously not so, for, as we have seen, 
the sine of 60** is not twice the sine of 30®. What then 
are the relations, if there be any such, by which we may 
find the functions of twice an angle when the functions of 
the angle are given ? or again, is there any relation con- 
necting the functions of the sum of two angles with the 
functions of the angles separately ? Such questions as 
these we shall now proceed to answer. 

37. The Addition Formulas. Let x and y be two acute 
angles, whose sum may be an angle either in the first 
quadrant or in the second. Construct, Fig. 18, the angle 
XOP equal to x and add to it the angle POQ equal to y. 
Then the angle XOQ is equal to x-^ y. From any point, 
Ay in the terminal side of the combined angle a? -f y draw 
AB perpendicular to the axis of x which is the initial side 
of the angle x. Then OB, BA, and OA are respectively 
the abscissa, ordinate, and distance of the point A and we 

45 
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may write any function of the angle x-^y. But as we 
wish to express the functions of a? -f y in terms of the func- 
tions of X and y, we proceed to draw lines which will give 
us those functions. Thus, from A draw AC perpendicular 
to the terminal side of the angle x, and from C draw CD 
perpendicular to the axis of x and CE perpendicular to AB» 





Fig. 18. 

Then since AE is perpendicular to OX and AC to OP, the 
angle EAC is equal to the angle Xj each of the angles being 
acute. We now have 

^in/'^-L.A ^^ BE + EA DC.EA 

81X1(0. + ,/)=^ = — ^^^ = ^+^- 



But these last two ratios are not functions of any of the 
angles in the figure. To obtain a function of a? or y we 
must use with DC either OD or OC, and with OA either 

DO 



OC or CA, Therefore we shall multiply and divide 



OA 



by the common line OC. Similarly with EA and OA we 
use CA, Thus we may write 

. , ^ . DC OC.EA CA 
sm {x + y)= -^^7^ • -^r-. 4- 



or 



OC OA CA OA 



sin (a; + y)= sin a; cos y + cos a; sin y. 



V-; 
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or 



In the same way 

«^c/ ^ N OB OD-BD OD 

cos ( a5 4- V ) = — = = 

^ ^^< OA OA OA 

^OD OCEC AC* 
00 OA AC ' OA' 

cos (x + y)= cos X cos y — sin x sin y. 



EC 

OA 



38. The Addition Formuls (continued). Again let x and y 

m 

be two acute angles where x may be either greater or less 




r •• 



•t 




Fig. 19. 



than y. Construct, Fig. 19, the angle XOP equal to x and 
from it subtract the angle QOP equal to y. Then the angle 
XOQ is equal to x — y. From A, any point in the termi- 
nal side of the combined angle, draw AB perpendicular to 
the axis of x which is the initial side of the angle x. Then 
OBf BAy and OA are, respectively, the abscissa, ordinate 
and distance of A, From ^draw AC perpendicular to the 
tefmioal side of the angle a;, and from C draw CD perpen- 
dicular to the axis of x and CE perpendicular to BA pro- 

* Note that in ^~ we use AC as the positive direction of the line, 

^ AC 

tlxerefoie AC most be positive in the ratio ^^ also. 
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duced. Then since AE is perpendicular to OX and AC to 
OPf the angle EAC is equal to the angle a?, each being 
acute. We now have as in Art. 37, 

. , . BA BE-AE DO AE 

sin (a; — V) = = = 

^ ^^ OA OA OA OA 

DC 00 AE AO 



or, 



00 OA AC OA' 

sin (a? — y) = sin a? cos y — cos x sin y. 



^^^^ f . OB OD-\-DB OD^ 
cos (x — y) = — — = -^- = — - -h 



OE 



or. 



OA OA OA OA 

^Op OC CE CA 
OC ' OA CA OA' 

cos (x — y) =z cos X cos y + sin a? sin y, 

39. We have thus proved the formulae 

sin {x ± y) = smxcosy ± cos x sin if, 
cos (x ± y) == cos jc cos if T sin jc sin jf, 



(10) 



for values of x and y less than 90°. It now remains to be 
proved that these relations are true for all values of x and 
y. This may be done by a geometric construction as in the 
cases given, but the following method is preferable. 

40. Let X be an angle in the second quadrant and y an 
angle in the third quadrant. Then we may put x = 90** + a 
and y = 180° -f- 6, where a and h are acute. We may now 

COS {x-\-y)=: COS (90° -h a + 180° + h) 



= cos (270° + a + &) 

= sin (a + &). (Art. 19) 

= sin a cos h + cos a sin h, (Art. 39) 

But a = - 90° + « and 6 = - 180° + y. 
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Therefore 

cos (aj + y)= sin (- 90*4-aj) cos (- lS(f -|-y)+ cos(- 90**+a;) 

sin (-180^ +y) 

=s(— cos «)(— COS y)-f (sina;)(— sin y) (Art. 19) 

or 

cos (x-i-y)^ cos X cos y — sin a sin y 

which is the same as the relation of Art. 39. 
' Again, let a; be an angle in the first quadrant and y an 
angle in the third. We may put y = 180** + 6, where b is 
acute, and write 



sin (x - y)= sin (x - 180** + b) 



= sin(-180**4-«-&) 

= - sin (x - b) (Art. 19) 

= — sin a? cos b + cos x sin 6. (Art. 39) 

But b = - 180** + y, and therefore, 
sin (x — y)=— sin x cos(— 180** -f y)-|- cos x sin (— 180® +y) 
s= — sin aj(— cos y) -f cos x(— sin y) (Art. 19) 

= sin a; cos y — cos x sin y. 

Thus it may be proved that the equations of Art. 39 are 
true for all values of x and y. 

The importance of these four relations, (10) of Art. 39, 
can hardly be over-emphasized. From them, together with 
those given in Art. 12, may be derived all other trigono- 
metric identities. The method of so doing is shown in the 
following articles, and is illustrated by the following 
examples : 

Example 1. Prove the relation 

y 1 

sin (45** -f o) cos (46** - 6)+ cos (46** + a) sin (46** - b) 
* ■ = cos (a — b). 
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This is simply a case of the first formula of (10) where 

ic = 46° 4- a, y = 46° — b. 
We may write 

sin (46° + a) cos (46° - 6) 4. cos (46° + a) sin (46° - b) 



= sin (46° + a + 46° - 6)= sin (90° + a - 6)= cos (a — b). 

EXAMPLES 

Prove that 

1. sin 106^ + cos 106" = cos 46°. 

2. cos (46° - X) cos (46° + x)- sin (46° - x) sin (46° + ») = 0. 

3. ain x cos (90° — «) — cos x sin (90° — «) = — cob 2 x. 

4. cos (80° - 46°) - cos (30° + 46^) = sin 46°. 
6. Given sin x = J, cosy = }, find sin (x + y).. 

6. Given cos x = J, cos y = J, find cos (x — y). 

Given tan x = 2, tan y = 3, find 

7. sin (x + y). 8. cos (x + y). 9. sin (x — y). 10. cos (» — y). 

41. Tangent of a Sum. To derive an expression for the 
tangent of the sum or difference of two angles we prooeed 

as follows : 

i. / V sin (a; ± y) 

tan (a; ± y)= )—■-( 

cos {x ± y) 

_ sin X cos y ± cos x sin y 
"~ cos X cos y ^F sin ojsin y 

sin X cos y cos x sin y 

cos x cosy cos SB cosy 

~ cos g cos y sin x sin y ' 

cos X cos y cos a; cos y 

or tan(x±v)=J^-f±^. (H) 

l^tanxtany ^ ' 

In a similar manner may be proved 

^ *' coty±cota! ^^' 
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EXAMPLES 

Prove that 

1. tan(45° + a) = ^'^^"^ . 

^ ^ 1-tanx 

2. tan(45° + x) tan(136° H-x)+l=0. 

3. tan (45° + x) tan (46° - x) = 1. 

4. Given tan a = 2, tan 6 = 4, find tan (a + 6). 

5. Given sin o = i, cos 6 = J, find tan (a — 6). 

6. Given sec a = 8, esc 6 = 4, find tan (a + 6). 

7. Given tan a =|, tan b = ^, find a + 6. 

8. Given sin a = f , cos 6 = |, find tan (a + 6). . 

9. (jriven sin a = f , sin 6 = f , find a + &. 

Prove the following identities. 

jQ sin (g + y) _ cot X + cot y 
co8(x — y) 1-fcotxcoty' 

11. tanx-tan(a!-y) ^^^^^ 
1 + tan X tan (x — y) 

42. Functions of the Double Angle. The equations of 
Arts. 39 and 41 being true for all values of x and y, let us 
assume that y = a;. Substituting x for y in the functions of 
the sum of two angles we obtain 

sin 2 X = 2 sin X cos X (13) 

cos 2 X = C082 X — sin2 x. (14) 

tan2x = -A*55^. (16) 

l-tan2x ^ ^ 

«^4. O COt^ X 1 /^ /;\ 

eot 2x = • (16) 

2cotaj ^ ^ 

43. The student should clearly understand that the equa- 
tions of Art. 42 give the values of functions of twice an 
angle in terms of functions of the angle, no matter what 
the value or form of the angle may be. For example, the 
f ollowiiig relations are all true, being merely the equations 
of Art. 42 changed slightly in form. 



w 
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2 Sin - COS - = sin a. 
2 2 

cos -—- = cos^ — : — sin' — — 
2 4 4 

btan/'a+D 
tan(2a-\-p)= ^ ^ 



44. Foncticfhs of the Half-angle. We may write the two 
proved relations 

8in2a; + cos2a; = 1 and cos 2 a? = cosmos — sin* » 
in the form cos'^-h sin'?^ 1. 

cos' ? — sin' ? = cos X. 



Subtracting and adding these, we have 



28iii'^=l — coax. 



2C08'|=1 + C08X. 



(17) 



Dividing the last two equations one by the other we 

obtain* 

^,jr^l-C08X 

2 1+CMX 

(18) 

2 1 — cos 05 

Thus we have equations which give the sine, cosine, tangent, 
and cotangent of one half an angle in terms of the cosine of 
that angle. 



v.* 



'cJ 
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Given sin tf = |, find 
1. 8in2tf. 3. tan2tf. 5. cos-* 



2. co82tf. 4. sin-- 6. tan ^ 



2 

_- \ — 

2 2 



Prove the following identities. 

^^.-^^' co8<x — sin*« = co82«. 

c----^. (sinx + cosx)* = 1 + sin2 X. 

-•^ 8in2x • ' tn i. X sinx 

\ Af, tanx = — ^ — =i^i— . 12. tan- = — ^^^=^ — . 

v^ 1 + cos2x 2 1 + cosx 

_ 10. 8in«* = *5*nl. 13. '^^'' =tan(46°-x). 

V^/^ 2 28ec« l+sin2« 

^^. tang = ^-'^''- 14. 2coe»*=L±»^. 

- 2 sinx 2 secx 

16. tan(46° + x)4-tan(46°-x)=i:2sec2x. 

45. Sum of Sines or Cosinet. By addition and subtraction 
of the two equations 

sin (x + ^) =5 sin a; cos y + cos x sin y^ 

sin (a5 — y) = sin x cos y — cos x sin y, 
we obtain * "^ 

sin(aj-|-y)+ sin(a? — y)= 2 sin a? cosy, 

sin(a? -I- y)— sin(a? — y)= 2cosa5siny. 

If now we let a: + y = a, « — y = A 80 that x = ^(a -|- p) 
and y = i(a — i^); ^6 obtain from the last two identities 

8i]ia + 8iiip = 28iii|(a+ p)co8|(a>- p), 
•ina - sin p = 2co8|(a + p)8iii|(a- p). 

^ Proceeding in the same way with the equations 
cos (a; ± y) = cos x cos y T sin a? sin y, 
we obtain tw6 more equations of importance , 

co8a + co8p = 2co8|(a + p)co8|(a — p), 
co8a-co8p=:-28hi|(a + p)8iii|(a- p). 



(19) 



(20) 
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Express each of the following sus the algebraic sum of sines or 
cosines. 

1. sin 6 X cos 2 2. 4. sin (x + 2y) cos (x — y). 

2. cos 4 X sin 2 x 5. gin (30° + x) sin (30*» - x). 

X 8 X 

3. cos sin — - 6. cosSx cos (x— «). 

2 2 V y/ 

Prove the following identities. 

7. cos (30=^ - X) cos (60° - x) = J (2 sin 2 x + \/8). 

8. cos 3 X sin 2 X — cos 4 x sin x = cos 2 x sin x. 

9. sin X cos (x + y) — cos x sin (x — y) = cos 2 x sin y. 

46. Identities and Equations. It should be borne in mind 
that all of the equations of this chapter are identitieBy that 
is, they are true no matter what values the angles may 
have. We shall deal later on, in Chapter VII, with trigo- 
nometric equations of condition, where we shall find that 
not every value but only particular values of the angles 
involved will satisfy the equations. Also, in connection 
with this chapter attention should be again caUed to the 
group of fundamental identities in*Art. 12. 

ILLUSTRATIVE EXAMPLES 

Example 1. Prove that sec 2 a; = 1 + tan x tan 2 x, 

1 

sec2a; = -^ = ^ ^ _co8^ ^ _se^«_ 

cos 2 X cos* X — sin2 x 1 — tan^sc 1 — tan^ 



__ 1 -f tan* X _ ^ , 



2 tan2 X- 



' .« 



1 — tan* X 1 — tan' x 

= 1 + tana; • -> 5_?_ = 1 -|- tan a: tan 2 as. 

1 — tan' 05 

By the above method we begin with sec 2 x and deduce 
or derive the required result. Another method of pro- 
cedure is as follows : 

. /" 

y 
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Assume that 

sec 2 X = 1 -h tan x tan 2 as. 

Then sec2aj=l-h ^^''''' 



"^^1- 


tangos 


__l + tan2 


X 


1 - tan2 


X 


cos* a: 4- 


sin* 05 


cos^a; — 


sin* a; 


1 





cos 2 a; 
= sec 2 X, 
Therefore, the original assumption is correct. ' 

Example 2. Prove that esc 2 a; = ^ sec x esc x. 
First method. 

1 1 sec X CSC X 



CSC 2 a? = 



sin 2 a; 2 sin x cos x 



• 



\ 



Second method. Take the reciprocals of both members. 

♦ 
sin 2 a; = 2 sin x cos x. 

EXAMPLES 

Without the use of tables find the following : 

1. Sine and cosine of IS''. 3. Tangent of 16°. 

2. Sine and cosine of 22° 30'. 4. Tangent of 22° 30'. 
6. Find the value of sin 3 x in terms of sin x. 

6. Find the value of cos 3 x in terms of cos x. 

7. Find the value of tan 3 x in terms of tan x. 

8. Find the value of tan 4 x in terms of tan x. 

9. Find the value of sin 4 x in terms of functions of x. 
10. Find the value of cos 4 x in terms of functions of x. 

X. Given sin 4 x = a, cos 4 x = 6, find sin 8 x and cos 8x. 
Given tan 3 x = a, find tan 6 x. 
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Prove the following identities. 

13. sin (90° + X + y) = cos x cos y — sin x sin 2^. 

14. sin - cos - + cos - sin - = sin * (a + 0). 

2 2 2 2 »v -r y 

15. cos 6 a = 1 — 2 sin^ 3 a. 

jg sin4a + sin2a _ 3 — tan* a 
sin 4 a ~ sin 2 a ~ 1 • 3 tan* a' 
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17. 



1 



sec*tf 



1 + cos« e tan« tf + 2 

1 — C064X 



18. sin' X COS* x = 



8 



19. cos5x cos2x= } (cos7x + C083x). 

20. sec*x csc» x = sec* x + esc* x. 

01 8in3x + sin5x o^/^-/, 
Zl. ! = 2 cos X. 

sin4x 

22. cos4xsinx = } (sin6x — sin3x). 

23 s^^ ^3^ + 2 sin 3 X + sin 2 X _ ^ . , x 
sin3x 

24. 8in»= ^^°i* . 
. 1 + tan* \ X 

26. sin X = 



2 



cot ^ X + tan I X 
2 



26. tan2x= — 

cot X — tan X 

jy^ 8in(x + 2y)-8in(»-2v)^^^^^y 

siny 

28 cog(2g-y)-co8(2» + y)^48}nxginy. 

COS^ 

29. tan*5 + 2cotxtan- = l. 

2 2 

30. tan*?-2cscxtan-+l =0. 



31. cos2x = 



1 — tan* X 



1 4-tan*x 

32. tan J x = cscx — cot x. 

33. cot-= cscx + cotx. 

2 
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34. tanlx = l+^£*^l^«*. 
2 1 + sin X + cos x 

Oft sec« (X + 45*^) ^^ ^ 
oo. ^^ — ■ f- ^ sec X. 

2 tan (X + 46°) 

36. coflx.coeSx^^^^^ 
sin 3 X — sin X 

37. sin X (1 + tan x) + cos X (1 + cot x) = flecx + C8CX. 

38. cot X — cot 2 X = esc 2 X. 

og 1 + sin 2 X _. cos X + sin X 
cos2x ~cosx — sinx' 

40. sin X COS* x — cos x sin» x = 




41. Given sin x = :::^^ — , find the value of cos x, 

2\/-l 

42. Given r« = a2 sin 2 tf, 

^^^® r»cosg + a«cos2gsing _^^g^ 

o^ cos 2 tf cos tf — fS sin tf 

43. Given r = a sec' - , 

2 

^^^® rcostf + asec«?tan-sin^ 

?—^ =-cot?. 

6 6 2 

a sec« - tan - cos tf — r sin tf 



44. Given r = a (1 — cos ^), 

Prove r cos g H- g sin* B __ ^^ 3^ 

asintf cos9 — rsintf 2* 

Prove the following identities. 

45. ^2s3x^8in3x^2cot2x. 

sinx cosx 

46. l4-cos2xcos2y = 2 (sin'x sin > j/ + cos 'x cos < j/). 

COS* X cos' y — sin* x sin* y 

>io sin* X— cos* X 1 , i„s„o- 

48. : = 1 + * sin 2 X. 

sin X — cos X 

49. 5282ML20?A±i = cottf. 

sin 2 tf + sin ^ 



58 
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60. (8ec2^ + l)Vsec2^— l = tan2^. 

g^ cosMi8in^_co8^ZL5i5i=2tan2A 
cos 9 — sin 9 cos + sin 9 

62. tan 2 9 — sec 9 sin 9 = tan sec 2 $, 

go 1 — cosx + cosy — cos(x + y) _ tan \ x 
1 + cos X — cos y — cos (x + y) tan ^ y ' 

64. Given x = — 3 cos^ ^ sin ^ 1 Prove that 

y= 3sin2»cos^J 2Vx2 4-y' = 3 8in2tf. 

66. Given x = a cos ^ — r sin ^, ^ _ _ 2 sin 2^ 
y = asin^ + rcos^, "" V2cos2tf' 
r2 = 2 cos 2 ^, Prove, x? + y* = 2 sec 2 tf. 



CHAPTER V 

THE CmCULAR OR RADIAN MEASURE OF AN ANGLE. 
INVERSE TRIGONOMETRIC FUNCTIONS 

47. Circular or Radian Measure of an Angle. Any con- 
venient unit may be chosen for the measurement of angles. 
We have hitherto used the degree, subdivided into minutes 
and seconds, as the unit,* but we shall now introduce 
another unit called the radian, the unit angle in the circular 
measure of angles. 

The radian is an angle at the centre of a circle whose sub- j. 
tending arc is equal to the radius of the circle. 




Fig. 20. 

It is obvious that the radian is a constant angle, is the 
same in all circles, since the ratio of the circumference of a 
circle to its radius is constant. 

In Fig. 20 let the angle AOB be a radian, that is, let the 
arc AB be equal to OA, the radius of the circle. Also let 
the angle AOC be an angle to be measured in radians. To ^ 
measure a quantity is to find its ratio to another quantity 
of the same kind chosen as the unit. Therefore, 

* It may be noted that the right angle is used as a unit in the study of 
^geometry, partly because it is an angle easily constructed. 

59 
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Circular measure AOC = ,^^ radians. 

AOB 

■D . AOC arc AC arc -4(7 



J.0J5 arc AB radius OA 

Therefore, to measure an angle in circular meamtrey or in 
other words to express the angle in radians, ^nd tfie ratio 
of the arc subtending the anjgle in any circle to the radius of 
the circle. 

If we represent the angle, measured in radians, by a;, the 
length of the arc subtending the angle by 8, and the radius 

of the circle by r, we have the relation aj = -. This is an 

r 

algebraic equation involving three quantities. If any two 
of the quantities are known the third can be found. Thus 

s s 

x=-, sssTX, r = -- 

r X 

Example 1. What is the radius of a circle in which an 
arc of 12 inches subtends an angle of 1^ radians ? 

r = - = -—= 8 inches. 

Example 2. If the radius of a circle is 15 feet whieit 
length of arc subtends an angle of two-thirds of a radian ? 

« = 16 X 1= 10 feet. 

We know that the ratio of a semicircumference to its 
radius is ir = 3.1416. It follows, therefore, that the angle 
which is sometimes called a straight angle, and which 
is expressed as 180°, may also be expressed as w radians. 

^^^^' IT radians = 180** 

1QAO 

1 radian = = 57.296®, approximately. 

IT 

Also 180® =B IT radians 

1® = -^ radians. 
180 



*■•: 



-(c' ■ 



^ A 



-7 
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By means of these two relations we can readily reduce a / 
given angle from either system of measurement to the 
other. 

Example 1. Express the angle 7 radians * in degrees. 
IT = 180**. Therefore, 

1=1??!. 7 = 7x^ = i?^^ = 401.03». 

7f IT IT 

m 

o 

Example 2. Express the angle -^ in degrees. 

Since ir = 180**, ?^ = ? x 180^ = 120^ 

' 3 3 

Example 3. Express the angle 110® 32' 30" in circular 
measure. 110® 32' 30" = 110^® = i|JA<». ^_- 

180®= IT, therefore, 

IT 2653® _ jr^ ^ 2653 2653 ir 



180' 24 180 24 4320 

An angle in circular measure is usually expressed as a 
multiple of ir. 

EXAMPLES 
Express the following angles in degrees. 

1. 6.6 radians. 3. ^. 6. — . 

7 6 

• -y 4. 3.8 radians. *>• -«— 

Express the following angles in circular measure. 

7. 270^ 9. 26° 16'. 11. 208° 30'. 

8. 13° 24'. 10. -460°. 12. -98°. 
13. What is the ratio of a radian to a right angle ? 

* The name nulian is often omitted. An angle written ^ and read 

• 3 

" pi over three," means ** pi over three " radians, or about 1.05 radians. 
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How many right angles are there in each of the following angles ? 

14. m, 16. 1?L. 16. ^. 17. 6 radians. 

6 7 3 

18. Through how many radians do the minute and hour hands of 
a clock turn in 30 minutes ? 

19. Through how many radians does the minute hand of a clock 
turn in 35 minutes ? 

20. Through how many radians does the hour hand of a clock turn 
in 18 minutes ? 

21. The front wheel of a cart is 2 feet in diameter, the hind wheel 
3 feet. Through how many radians will the hind wheel turn while 
the front wheel is turning through 600° ? 

22. Through how many radians does the earth revolve about its 
axis in a week ? Is the result the same in 45° north latitude as at the 
equator ? 

23. A wheel turns 50 revolutions per minute. Express its angular 
velocity in radians per second. 

24. A wheel has an angular velocity of 20 radians per second. 
How many revolutions does it make per minute ? 

25. Through how many miles will a point on the equator of the 
earth travel as the earth turns through 1^ radians ? 

26. Through how many miles will a point at 45° north latitude 
travel as the earth turns through one radian ? 

27. The radius of a graduated quadrant is 2 feet, and the grad- 
uations are 5' apart. What is the distance between successive 
graduations ? 

28. What must be the radius of a graduated quadrant if the dis- 
tance between graduations 5' apart is to be ^ inch ? 

48. Inverse Trigonometric Functions. Let us suppose that 

y is the sine of the angle x. We express this briefly in 

mathematical symbols as y = sin x. Suppose now that we 

wish to make the inverse statement that x is the angle 

) whose sine is y. To express this in mathematical symbols 

I ; we write a; = sin~\y, where, it must be noted, the mintia 

unity is not an exponent. Having expressed our idea in 

symbols we next note that x depends upon y for its value, 

' is a function of y, and we name the function the anti-sine or 

inverse sine. Similarly a = tan~^ b means that a is the angle 
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whose tangent is b, and we say that a is the anti-tangent of 
b. In this way we have a group of six inverse trigonomet- 
ric functions, 



8iii"*x, 
cos""* X 



-1 

-1. 



tan~* Xy 



cot'% 



sec^Xy 

C8C"* X. 



These six quantities, it must be remembered, are angles. 

49. General Value of an Angle. Identities connecting the 
various inverse trigonometric functions exist and may be 
derived or proved by methods analogous to those of Chapter 
IV. Before taking them up, however, one important dif- 





FiG. 21. 



ference between the direct and the inverse trigonometric/ 
functions must be noted. 

If y = sin a:, and if we give x a particular value, say 30°, 
then y will have one and only one value, one-half. On the 
other hand, if as = sin"* y and if we give y a particular value, 
say ^, then x does not have one value only but an infinite 
number of values, 30^ 160°, 390°, - 210° etc. This bemg 
so it is well to get an expression that will represent all the 
angles which have a given value of the sine, cosine, etc. 

Let 8inaj=:±a, a being a positive number, or aj = 
sin~*(± a) and let a be the smallest angle* which has for 

* That is, a if we use positive angles only ; a' if negative angles also 
are luad, Either method may be adopted. 
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its sine the value ± a. By Fig. 21 we see that the possible 
values of x are 



a. 



a. 



., 2 TT -|- a, 3 TT — a, 4 w -|- a, • ••, 

— IT — a, — 2ir-|-a, — Stt — a, — 4ir + a, —, 

which may be written in the general form 

;x = sin-i a = mr -f (- l)"a (21) 

where n is any positive or negative integer, including ;sero, 

and a is the least angle whose sine is a. This is called the 

general value of the angle and a is called the principal value. 

Since the cosecant is the reciprocal of the sine we may 

X = C8C-* a = mr + (- l)"a. (22) 

Y Y 



write 





FiQ. 22. 



Let cos x = ±a or 05 = cos"'*(± a) and let a be the least 

angle whose cosine is ± a. By Fig. 22 we see that passible 

values of x are « ^ 

a, ^ir ±ay 4 ir ± a, •••, 



or, in the general form 

X = COS"* a = 2.mp ± a 



(23) 



where n is any positive or negative integer, including zero, 
and a is the least angle whose cosine is a. 

Since sec x = we may write for the general value, a 



cos a; 



X 
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being the principal value, 



i 



jr = 8ec~^as=2inr ± a. 



(24) 



Let tan a? = ± a or a? = tan"*( ± a), and let a be the least 
angle whose tangent is ± a. By Fig. 23 we see that pos- 





Fio. 23. 



sible values of x are 



Of fr-\- a, 2ir-|-a, 3ir-|-a, •••, 

— ir-|-a, — 2w-|-a, — Sir + a, •••, 



or, for the general value, 



X = tan-i a = inr -h a 



(26) 



where n is any positive or negative integer, including zero, 
and a is the principal value. 

Giving n and a the same meaning we may write, since 
1 

' -' - ■ (26) 



cota;s 



tana; 



X «s cot"* fl = mr -I- a. 



One need not make use of the formulae, 21-26, but may 
proceed as follows : Find the ttoo smallest angles, positive or 
negative, which correspond to the given value of the func- 
tion. If we call these angles a and fi then the complete 
series of angles will be given by 

2 mr + a and 2 mr + p. 
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Example 1. Write the general value of eo8"i .9205. 
From the tables of trigonometric functions we find a = 
23^ Therefore 



X = cos-* .9206 = 2 nTT ± 23** = 2 n,r ± 



23 TT 

180 



Example 2. Write the general value of sin-i 1, We 

know a = 90**=-. Therefore ' 

2 

a; = sin-*l = ri7r + (- 1)»-. 
Example 3. Prove the identity 



2 sin-» a = sin"* (2 a Vl - a^). 

Let sin-i a = aj, then sin a; = a. Substituting these 
values in the formula to be proved we have 



2x = sin"* (2 sin a? Vl — sin*a;), 

or 

sip 2 a; = 2 sin a Vl — sin^ a; = 2 sin a; cos x. 

Or, we may proceed as follows : 
We know sin 2 a = 2 sin a; cos x, which may be written 

2 a; = sin-*(2 sin x cos x). 

Let sin"* a^x, sin x = a and substitute : 

2 sin-* a = sin"* (2 a VI — a^. q. b. d. 

Example 4. Find the principal value of tan-* ^ 4- tan"* ^. 
We note that this is the sum of two angles each given by 
the value of its tangent. We therefore write, formula (11), 

tan (tan- i + t^-» i) tan (tan- ^) + tan(tan-tt) 

^ t-rutxi t; 1 _ tan(tan-i ^) . tan (tan- i) 



|-li-|.fQT1-ll = 



IT 



Therefore, tan-*± + tan-*^ = tan-* 1 = - 
'23 4 
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EXAMPLES 

Write the general values of the following angles : 



1. sin-ij. 3. tan-i(-l). 5. sec-i(-— V 7. sin-i^-^V 

2. cos-iO. 4. cot-i-J^- 6. CSC-1V2. 8. cot-i(— VS). 

V3 

Find the value of 

9. sin (sin-i a). 11. tan (tan"i y). 13. 2 cos (cos-i .523). 
10. cos-i (cosac). 12. sec-i (8ec30°). 14. cot (cot-i 2.718). 

15. sin-i(cos35°). / ' 2 \ 

18. cosf tan-il + sec-i— ;=}• 

16. tan~i(cot40°). ^ 

19. tan (sin-i 1 + cos"! J). 

17. sin^sin-i| + cos-i-Ly 20. cot(tan-i V3 + tan-i— V 



21. Prove that x = sec-i VI + tan2 x. 



22. Prove that tan-i y = sec-i Vl -f y^. 

Prove the following : 

23. tan-i( V2 -f 1) - tan-i ( - V2 - 1) = 135°. 

24. tan-i Vs - tan-i ( - ^\ = tan-i (- 3 V3). 

25. tan-i J - tan-i (— 1) = tan-i 2. 

26. tan-i ^L±±^ tan-i ^^t^ = tan-i ^' " "'» 

a — 6 b — a 2ab 

27. tan-i ^ - tan-i "^ = tan-i 2 6Va"^^^. 

Va2 - 62 Va2 - 62 a2 - 2 62 

28. tan.(-g)-tan-.(|) = |. 

29. tan-i26v^^ZE=28in-i*. 

a« — 2 6« a 

30. 8in-»* + co8-»y = tan-»^>^+^^IHZv^^. 

y VI — a^ — xVl — y2 

31. sec-i a? - csc-i y = coa-i Vg' - 1-f Vy'-l 



CHAPTER VI 

THE SOLUTION OF GENERAL TRIANGLES 

50. Four Cases. — As in the case of right triangles the 
solution of any triangle means the finding of the values of 
unknown parts from the parts that are known. Of the six 
parts (three angles and three sides) there must be given 
three, one of which at least is a side, in order that the tri- 
angle may be solved. Consider any triangle, Fig. 24. 




The following cases may be enumerated : 

I. Oiven a side and two angles; say, a, A, B. 

II. Oiven two sides and the angle opposite one of them ; 
say, a, by A, 

III. Given two sides and the included angle; aay^ Oi b, C. 

IV. Given the three sides; a, 6, c. 

51. The Law of Sines. — Cases I and II may be solved by 

means of the following theorem. 

In any triangle the sides are proportional to the sinea of the 
opposite angles. That is, Fig. 25, 

a:6:c=:8in A:sinB:siiiCL (27) 

68 



i 
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Fig. 26. 

Pro9f : Li the triangle BAC draw CD perpendicular to 
BA, Then 

. . DC DC . J, DC DC 

8m^=s— ^= — andsinBss— ^ = 

AC b BC a 



Therefore 



Whence 



DC = 6 sin ^ = a sin 5. 



a : 6 = sin ^ : sin ^. 



Similarly the theorem may be proved for the other pairs 
of sides and angles. 

52. Gate I. Given a side and two angles ,\ a. A, C. 

To find the third angle we have « 

5=180^-(^-f-(7). 

To find B and C we have 



f 



b 8UiB 



sinC 



a sin^' a sin^' 

selecting in each case that proportion, from (27), which in- 
yolves an unknown side, b or c, and three known parts. 

From these two proportions we have 

Ic^ b 33 log a + log sin B + colog sin A 
log c = log a + log sin (7 + colog sin A 
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Example. Given a = 412.7, A = 60° 38', C = 69** 13', find 

^' ^' ^' B = 180° - 119° 51' = 60° 9'. 

log a = 2.6157 log a = 2.6157 

log sin J5 = 9.9382 log sin C = 9.9708 

eolog sin ^ = 0.1118 colog sin A = . 1118 

log b = 2.6657 log c = 2.6983 

b = 463.1 c = 499.2 

53. Case II. Given two sides and the angle opposite one of 
them; a, 6, A. 

We have, to find jB, 

sin 5 b 
sin^ a 

Whence, log sin 5 = log sin ^ + log b 4- colog a. 

Also, C = 180° - (^ -h J5). 

Then ?. = 2i5^. 

a sill J[ 

Whence log c = log a + log sin C 4- colog sin A. 

Example. Given a = 31.24, 6=49, ^ = 32*18', find 

^'^'''* log sin ^ = 9.7278 

log b = 1.6902 

colog a = 8.5053 

log sin J5 = 9.9233 

5 = 56° 56' 

But since B is found from the log sine it may have two 
values ; namely, 56° 56' and 180° - Be'' 56' = 123** 4'. To 
determine which value is correct or whether both are 
possible we recall the theorem of geometry which states that 
if the given angle is acute and the side opposite is less than 
the other given side, then it may be possible to constmet 
two triangles from the given parts, two sides and an oppty 



= ■•/■. 
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site angle. In the above example the given angle A is acute 
and its opposite side a is less than b ; there are two solutions 
and both values of B must be used. Figure 26 explains the 
case graphically. 



a:^31.24 



B2=123'4* 




A=32'18' 



a=31.24 



Bi=56'56' A =32° 18' 

Fia. 26. 




Consequently there are two values of C, namely, 

(7i = 180° -(^1 + B,) C2 = 180° -(A -f- B2) 

= 90° 46' = 24° 38' 

and two values of c, got as follows : 



log a = 1.4947 

log sin Ci = 0.0000 

colog sin ^ = 0.2722 

log Ci = 1.7669 

Ci = 68.46 



log a = 1.4947 

log sin C2 = 9.6199 

colog sin ^ = 0.2722 

log C2 = 1.3868 

Co = 24.37 



/ If the given angle be obtuse there will be only one solu- 
tion. If the given angle, A, be acute and the side a be 
greater than the side 6, there will be one solution only. If 
A be acute and a be equal to the perpendicular from G to 
ABy there will be only one solution, a right triangle. In 
this case 5 = 90° and log sin 5 = 0.0000. If, A being acute, 
a be less than the perpendicular from G to AB, there is no 
solution. In this case log sin B will be greater than zero, 
which is impossible since sin B cannot be greater than unity. 

54. Case III . ma^f be solved by means of the theorem 
following: 

In any triangle the sum of two sides is to their difference as 
the tangent of half the sum of the angles opposite the two sides 
is to the tangent of half their difference. 



\h 



72 PLANE TRIGONOMETRY [VI, § 54 

Proof : By Art. 51 

a:b = sin A : sin B. 

Whence, by composition and division, 

g + 6 __ sin ^ + sin ^ _ sin j^ (^ + jB) cos I (^ — B) 

a — b sin ^ — sin 5 cos ^(^ -f jB) sin ^ (^ — B) 
or, 

a + 6_ tan^(^ + ^) .^ 

a-b tan|(J[-5) ^ ^ 

55. Case III.'*' Given two sides and the included angle; 
bf c, A. 

By Art. 54 we have 

tan4-(^- G) ^ b'-c ^ 
tan|(5+C7) 6 4-c' 

The sides h and c are known, and also 

1(5 + C)= 1(180° - ^)= 90° - i^ 

since ^ + £ + C = 180°. 

Therefore we may write 

tan 1(5- (7)=^-^:^ • tan4-(5+C), 
or, ^ + ^ 

log tan 1 (5- (7) =log (6-c) +colog (6+c) +log tan 1(B+ C).* 

Thus 1(5 — 0) is found, and by finding* the sum and dif- 
ference of 1(5 + 0) and 1(5 - C) the values of 5 and G 
are known. Finally, to determine a we have, as in Case I : 

a : 6 = sin ^ : sin 5. 

Example. Given b = .06239, c = .02348, A == 110** 32' ; 
find 5, (7, a. 

1(5 + C ) = 90° - ^ ^ = 90° - 56° 16' = 34** 44'. ' 
6 + c = .08587 6 - c = ,03891. 

* See also Art. 61 following. 



•• 
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Whence we have 

log (6 -c)=: 8.5900 

colog(6 + c)= 1.0661 

log tan UB + 0) = 9.8409 



logtan|(J5- 0)= 9.4970 
|(B-C)=17*26'. 



And as 



We have 3 = 52" 10' 



|(J5 + C)=34^44' 
G = 17^ 18'. 



Then 



log 6 

log sin A 

colog sin B 



8.7951 
9.9716 
0.1025 



log a = 8.8691 
a = .07398 



56. The Law of Cosines. Case lY may be solv^ by means 
of the following theorem : 

In a triangle the square of any side is equal to the sum of 
the squares of the other two sides minus twice the product of 
those sides by the cosine of the0 included angle, 

c 






D <;■ ' B 



That is, Fig. 27, where CD is perpendicular to AB, 

a2 = b2 -f c2 — 2 6c cos A 

We have proved the geometrical theorem 

a»=6* + c*-2c.^Z>.* 



But 



cos -4 = — — , or AD = b cos A. 
b 



* Note that In the first tWo triangles of Fig. 27, AD, the projection of 6, 
ifl read left to right and is positive ; in the third triangle from right to left 
and isnegatlTa. 
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Therefore, a' = 6^ 4. c* _ 2 6c cos A. q.b.d. 

Obviously co8^ = ^'+^-"' (29) 

and in the same way 

cos B = — -— cos C = — = 

2ca 2(xb 

80 that the three angles may be found. 

57. The objection to the formulae of Art. bQ is that they 
are not adapted to logarithmic computation. To remove 
this objection we proceed as follows ; From (29) we have 

1 cogJl-1 ^>' + c^~a^ ^ a'-y-h26c~c' ^ a'~(6-c)« 

2hc 2bc 2 be 

_ (g — 6 + c)(a -h 6 — c) 
" 26c ' 

or, by (17), Art. 44, 

o • « 1 ># (a — 6 + c)(a + 6 — c) 

2 sin' 4^ =-i^ ^ /) ^* 

^ 26c 

« 

Let a + 6 + c = 2s. 

Then a — 6 + c =2(«- 6), a-^h -'C=:2(8 — c)y 

Whence ^ sin' * A = ^s^b).2{s-c) 

^ 26c 



or 



8in^^=^ ("-^K»-'^) . (30) 

Similarly 

^ ca ^ a6 

These formulae may be used for logarithmic computation. 
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58. Again, from (29), Art. 56, wahave 

26c 26c 

I 

_ (a4-&-|-c)(6-hc — g) 
26c 
or, by (17), Art. 44, 

^ 2 6c 

As before, letting a + b-^c = 2sy this becomes 

2C08H^ = ^"^^'~"V 

^ 26c 



co8^^=^2i^. (31) 

Similarly 

C08iB=J?ii^l^, C08iC = J?i^. 

^ ca ^ a6 

59. These formulaB also may be used for logarithmic 
computation, but a more convenient set is obtained by 
dividing the formulae ofvArt. 57 by those of Art. 58. We 
thus obtain 



* ^ s(s — a) 



(32) 



a \ s(s-6) ' tangC-^ s(s-c) 

A comparison of these three sets of formulae (30), (31)^ 
(32)y will show that for the complete solution of a triangle ^ 
when the three sides are given, the first set (30), requires 
six different logarithms, the second set seven, the third set 
four. In addition to this slight advantage the tangent set, 
(32), gives more accurate results than the other two when 
the angles involved happen to be very small or very near 
ninety degrees. 



\ 
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60. Case IV. We will now solve a triangle when the 
three sides are known. 

Example. Given a =s 10, b = 12, c = 14 ; find A, B, C. 

Here 2 « = a + 6 + c = 36, so that we have 

s = 18, log s = 1.2663, colog s = 8.7447 — 10. 

« - a = 8, log (« - a) = 0.9031, colog (s - a) == 9.0969 - 10. 
« - 6 = 6, log (5 - 6) = 0.7782, colog («-&)= 9.2218 - 10. 
8-0= 4, log (« - c) = 0.6021, colog (« - c) = 9.3979 - 10. 

log (« - 6) = 0.7782 log (« - c) = - 0.6021 

log(«-c)= 0.'6021 log(«-a)= 0.9031 

colog «= 8.7447 colog 5= 8.7447 

colog(8~a)= 9.0969 colog(8~fe)=: 9.2218 

2 )19.2219 2)19.4717 

log tan ^ ^ = 9.6110, log tan | J5 = 9.7369, 

I A = 22° 13', I J3 = 28° 34', 

^ = 44° 26', J5=67° 8', 

log(«-a)= 0.9031 

log (8 -6)= 0.7782 

colog ss= 8.7447 

colog(8-c)= 9.3979 

2 )19.8239 

log tan ^(7= 9.9120, 

^ C = 39° 14', 

C = 78° 28'. 

Check : Jl -f- J5 + C = 180° 2'. 

A common method of solving Case IV is by means of an 
auxiliary quantity, 

We may write 
tanjA = -^, UnjB=— ^-, tan|c= ^ 



a** «_^' — t" •_!.' •*"*2 



s— fl * s—h ^ s—c 
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In using this method log r is first found, whence the log- 
tangents of the three half -angles are readily obtained. 

61. Case III; Other Methods of Solution. The formulae 
of Art. 56 may sometimes be used to advantage in solving 
Case III. 

Example (see Art. 65). Given h = .06239, c = .02348, 
A = 110** 32', to solve the triangle. 

We have a' = 6^ -j. c^ — 2 ^ cos -4. 

Then 
a2 = (.06239)' + (.02348)« - 2(.06239) (.02348) cos 110** 32'. 

log h = 8.7951 log c = 8.3708 



log 62 = 7.5902 log c2 = 6.7416 
62= .003893 c2= .0005516 

-f c2= .0005516 log 2 = 0.3010 

2 6c cos -4= .001028 log 6 = 8.7951 



a»= .005473 log c = 8.3708 

log cos A = 9.5450 



log 2 6c cos A = 7.0119 
2 6c cos J[ = - .001028 



Then log a = | log a^ = 8.8691 and a = .07398. 

To find B and C we have the formulae of Art. 51. 
The above computation can in some cases be done best 
and quickest without the use of logarithms. 

Another Method of Solution for Case III, preferred by 
many, i^ as follows : 

From Fig. 27 we see that 

DC=b sin A,AD=b cos AyDB = c- AD. 



r 
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DC 

Then tan 5 = ——, whence B is known, and C7=180^ — 

^ DC 

(A + B), To find a we use a = -: • 

Applying this method to the example above we have 
log h = 8.7961 log h = 8.7961 



log sin ^ = 9.9715 
log DC = 8.7666 
log DB = 8.6567 

log tan jB = 0.1099 

5 =52'' 10' 
G = 17° 18' 



log"eos A = 9.5450 
log-JlZ) = 8.3401 
AD^- .02188 
DB = .02348 4- .02188 = .04636. 



log DO 
log sin B 



8.7666 
9.8976 



log a 
a 



8.8691 
.07398 



NoTB. The fundamental importance of the law of sines and the 
law of cosines should be noted. By their use, direct or indirect, any 
triangle whatever may be solved. 



AREAS OF TRIANGLES 

62. Right Triangrles. 

Case I. Given the two legs a and b. Fig. 28. 




Fig. 28. 

Representing the area of the triangle by K, it is obvious 

that 

2K=ab. (33) 

Case II. Given the hypotenuse and an acute angle, c 
and A. 
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Then 



a=scsmA, b^c cos A. 



Whence, by (33), 

2 if = c2 sin J[ cos ^ = ^ c' sin 2 ^, 

or ^K=dsin2A. 

Case III. Given an angle and the adjacent leg, A and b. 



Then 



a = b tan A. 



Whence, by (33), 

2K=b^tAnA. 

Case IV. GHven the hypotenuse and a leg, c and a. 
Then b^ = c^ — a^ or 6 = V(c-|-a)(c-~a). 

Whence, by (33), 



2ir=flV(c-f-a)(c-a). 

63. Oblique Triangles. 

Case I. Given two aides and the included angle, a, b, C. 





Fig. 29. 

In Fig. 29 the line AD is perpendicular to BC. 
It is obvious that 2 Kz= a x DA. 



But 



sinO=^, orZ>ul = 6sina 



Therefore, 



%K = abB]3iC. 



(34) 
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Case IIo Given a aide and the angles, a, A, B, C. 

By Art. 61, 

6 sin J3 , a sin B 
- = or = • 

a sin A sin A 

Whence, by (34), 

g fl^ainB.sinC, .^ 

Bin A ^ ^ 

Case III. Given the three sides, a, b, c. 

The formula (34), of Case I may be written, by Axt. 42, 

(^^)' 2 K= 2absmiC' cos ^C. 

Substituting in this the values of sin ^ C and cos ^ C given 
in Arts. 67 and 58, we have 






or K = Vs(5 - fl)(s - A)(5 - c). (36X 

EXAMPLES 

Solve the following triangles, in each case obtaining also the 
of the triangle : 

, 1. a = 1419, 6. c = 5141, 11. 6 = .6042, 

B = 29°69', -4 = 96^8', • a = .8618, 

C=16°l'. C=55°46'. B = 74*»48'. 

• 2. a = 3.884, 7. 6 = 56.2, 12. a = .08674, 

6 = 9.828, c = 63.9, 6 = .0^1, 

B = 109°. A = 71° 83'. c = .01868. 

3. a = 802, 8. 6 = 268.6, 13. 6 = .2792, 
6 = 427, c = 282.9, a = .2271, 
C = 134° 29'. C = 76° 20'. -4 = 66° 45'. 

4. a = 66.22, 9. 6 = 6.862, 14. a = .01044, 
6 = 63.91, ^ = 76° 13', ^ = 26° 82', 
c = 70.54. C = 35° 17'. B = 146° 26'. 

5. 6 = 38.65, 10. a = 5499, 15. a = 81.49, 
c = 48.12, c = 2959, 6 = 49.88, 
B = 84° 82'. A = 133° 34'. £ = 44'> 86^. 
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^/l6. c=.0367, I 18. 6 = 4621, [ 20. a = 6.743, 

a = .0292, a = 6473, b = 3.026, 

B=31°7'. B = 31°7'. c = 4.271. 

17. a = 32.15, »/l9. h = .4312, ' 21. c = .01825, 

6 = 67.54, " c = .8901, 6 = .02893, 

-4 = 28° 26'. A = 29° 55'. B = 83' 30'. 



\l 



PROBLEMS IN THE SOLUTION OF TRIANGLES 

22. A man owns a triangular lot on the comer of two streets 
which do not intersect at right angles. The frontage on one street is 
300 feet, on the other 250 feet. The back line of the lot is 350 feet 
long. If he buys land to add 275 feet to the 300-foot frontage, by how 
much is his lot increased in size ? 

23. A man owns a triangular lot on the comer of two streets 
which intersect at an angle of 62°. The frontage on one street is 
200 feet, on the other 150 feet. If the land is worth one dollar a 
square foot aild the man has $ 1200 with which to increase the size of 
his lot, by how much can he lengthen the 150-foot frontage ? 

24. The perimeter of a triangle is 100 feet, and the perpendicular 
from the vertex C to the base AB is 30 feet. The angle A is 50°. 
Find the length of the base AB. 

25 . What is the perpendicular height of a hill which is known to rise 
72 feet for every 100 feet of length of its slope, if the angle of elevation of 
the hilltop from a point 100 yards from the base of the hill is 31° ? 

26. From where I stand, 50 feet from the bank of a stream, the 
angles of depression of the near and far banks of the stream are 
respectively 15° 37' and 6° 24'. How wide is the stream ? How far 
am I above the level of the stream ? 

27. A man 5 feet 6 inches tall, standing on a bluff 40 feet high, 
measures the angles of depression of the near and far shores of a bay. 
The angles are 46° 52' and 5° 3' respectively. How wide is the bay ? 

28. A man 5 feet tall, standing on the edge of a pond, finds the 
angle of elevation of the top of a tree on the other bank to be 44° 26'. 
The angle of depression of the reflection of the treetop is 60° 47' . Find 
the height of the tree. 

The reflection of an object appears as far below the surface as the 
object ig aboT6 the surface. 

29. mIAb frontage on the beach (^AB) of a quadrangular lot ABCD 
cannot be measured. The sides BC, CD, and DA are found to be 
286, 155 and 106 feet respectively. The angles DAC and DBC are 
82^20^ and SO^IMK zeqwctively. Find the length of AB. 

G 
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30. The bases of a trapezoid are 48.26 and 94.76 feet. The angles 
at the ends of the longer bafie are 63"^ 62' and 70° 66'. Find^the lengths 
of the other two sides. 

31. Two sides of a triangle are 8.63 and 7.41. The difference 
between the angles opposite these sides is 18° 23'. Solve the triangle. 

32. The area of a triangle is 979 square feet. The angle A is 
66° 22' and the side 6 is 44.80 feet. Solve the triangle. 

33. Two sides of a parallelogram are 8006 and 6008. The included 
angle is QO"^ 63'. Find the lengths of the diagonals. 

34. The diagonals of a quadrangular field ABCD intersect at O at 
an angle of 78° 3'. The lines AO, BO, CO, and DO are 27.6, 81.8, 
68.6 and 63.2 feet respectively. What is the area of the field ? 

35. Two sides of a triangle are 6 = 302 and c = 40.8. Find the 
angle A so that the triangle may have the same area ba the triangle 
whose sides are 62, 61 and 30. If 6 were 30.2 and c were 40.8 could 
A be found ? Why ? 

36. Two vessels start from the same point and sail, one northeast 
at the rate of 6 miles per hour, and the other east 30° south at the 
rate of 8 miles per hour. Huw far apart will the ships be after 2^ hours ? 

37. A submarine in submerging drifts back 6 feet for every 20 feet 
it sinks. After the submarine has sunk vertically 300 yards, at what 
angle must a torpedo be shot from a cruiser one mile away to hit the 
submarine, if the latter drifts away from the cruiser ? 

38. A post 6 feet high casts a shadow 10 feet long. What is the 
length of a flagpole that casts a shadow 60 feet long if the pole makes 
an angle of 82° with the horizontal on the side away from the sun ? 

39. In problem 38 ihid the length of the flagpole if the angle made 
with the horizontal is 82^ on the side towards the sun. 

40. Two yachts begin a race by sailing from a point A, along the 
windward leg of the course in the direction northeast until they 
reach a buoy B. They then sail before the wind, east 82° south, 
until they reach a point C, 6 miles east along a straight coast from A. 
The first yacht sails to windward^ miles per hour, and before the 
wind 6.6 miles per hour ; the second 6.8 miles per hour to windward 
and 6 miles before the wind. Which yacht wins the race and by how 
much? 

41. A triangular beach lot has a frontage on the sea of 100 yards. 
The boundary lines running from the beach make, on the inner side 
of the lot, angles of 60° and 60° respectively with the shore line. 
How must a line be drawn from the middle point of the shore line to 
form two equal lots ? 
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42. A point A, on the south bank of a river 1.5 miles broad and 
flowing due east is to be connected by bridge and road with a town B, 
3 miles back in a straight line from 
the north bank of the river. It is 
found that the bridge can be built 
to a point, C, on the farther bank 
lying north 22° west from -4, or to 
D lying north 41° east from A, 
The town B lies north 12'^ east from 
A. If the bridge costs $ 2000 per 
mile to build and the road $500 
per mile, which route is the more 
economical and by how much? 
(See Fig.) 

43. The distances of a point C, on the far side of a river from two 
points A and B on the near side, are to be found but can not be directly 

measured. In the direction CA a distance 
AD = 150 feet is measured, and in the direction 
CB a distance BE = 250 feet. The distance 
from ^ to ^ is 279.5 feet, and by measurement 
it is found that BD = 315.8 feet, BE = 498,7 
feet. How far is C from A and B ? (See Fig.) 

44. The distance from 
a point, A, on the coast to 
a lighthouse, L, is to be 

found. A straight line is run from A along the 

coast, and on the line two points, B and C, are 

taken from which the lighthouse is visible. By 

measurement it is found that AB = 236.7 feet, 

BC = 215.9 feet, the angle ABL = 142° 37', the 

angle ACL = 76° 14'. How far is the lighthouse 

from -4? (See Fig.) 

46. On the north side of a river lie two points \4 and B both of 
which can be seen from C, and from no other point, on the south 

side of the stream. From a point 2), whose dis- 
tance from C is 425.3 feet, A and C are sighted. 
It is found that the angle ADC = 37° 15', and 
the angle A CD = 42° 35'. From another point 
E, whose distance from C is 405.4 feet, and 
from which B and C are visible, the angles 
CEB = 68° 16', and ECB = 58° 5' are measured. The angle AC Bis 
also measured and found to be 65° 11'. What is the distance from 
AtoB? (See Fig.) 




/f 
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CHAPTER VII 
THE SOLUTION OF TRIGONOMETRIC EQUATIONS 

64. The trigonometric equations hitherto dealt with have 
been identical equations ; equations, that is, true for any 
values of the variables involved. We shall now deal with 
trigonometric equations which are not identities, and shall 
examine the methods by which such equations are solyed. 
"No methods applicable to all such equations can be given, 
but methods applicable to several important classes will be 
discussed. In general it may be said that all such equa- 
tions are algebraic in form, the one difference being that 
now the unknown quantities are the trigonometric func- 
tions, sine, tangent, etc., or, occasionally, the inverse fono- / 
tions. Therefore, all methods applicable to the solution df/ 
algebraic equations are applicable to the solution of trigo- 
nometric equations. Moreover, in the case of trigonometrie 
equations we have the various fundamental ideptities, 
treated in former chapters, which being true for *all valqbQ 
of the variables involved can be used in oonneotion wi&i 
any equation whose solution is desired. 

65. For example, given the equation 

2 8in2 X — cos2 X'\-\ = 

to find the value of x. 

In form this is an algebraic, quadratic equation in two 
unknowns, sin x and cos x. To find the values of two un- 
knowns we must have two consistent and independent 
equations. But we also know that cos^ x=l^ sin* x. 
Therefore, our equation may be written 

84 
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2 sin* a? —(1 — sin* a:) = — ^J, 

3 sin* a: = f , • 
whence sin a; = ± ^, 

and a; = sin"i(±|). 

The principal values of x are, therefore, ±^ and the 
general values are 

or we may proceed thus : 

Given 2 sin* x — cos* a; = — J. 

We know sin* x -f cos* a; = 1. 

Adding the two equations, 

3 sin* aj = f , etc 

Example 2. Solve the equation 

cos X — V3 sin 05 4- 1 = 0. : 



For sin x substitute Vl — cos* x. 

m 

Then 

cos 05 —V3 • VI — cos* X + 1 = 0, 

cos a? -f 1 = V3 • Vl — cos* a;, 
cos* 05-1-2 cos aj -f 1 = 3 — 3 cos* a;, 
2 cos* 05 + cos a? — 1 = 0, 
a quadratic equation in cos x whose roots are 

cos a; = — 1 or \, 
Therefore, 

X = cos-i (- 1)= 2 riTT + TT =(2 n + l>r, 

and X = cos"^ f I )= 2 wir ± ^- . 

V2y 3 ^ 
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These roots, as in every case, must he tested by substitution 
in the original equation. It is found that 2 wtt — — does* not 

satisfy the equation, while the other two values do. The 
roots are, therefore, 

x=(^n-\- l)ir and 2 ?i7r 4- ^. 

Another method of solving the last equation is as follows: 
Given cos x — V3 sin a; = — 1. 

Divide by 2, 

1 V3 . 1 

- cos X sin a; = — -• 

2 2 2 

But ^ = cos^and^ = sin^. 

2 3 2 3 

Therefore we may write, 

cos ^ cos X — sin - sin aj = — - 
3 3 2 

cos(^a. + |)=-i 
Whence a? -f ^ = cos-'(^- "^^ = 2 titt ± ^, 

^ J o 

and aj = (2 71 — l)7r or 2 wtt + ^« 

Note that the two general solutions (2 w + l)ip and 
(2 n — V)ir are identical since each represents any odd 
multiple of tt. 

66. Special Types of Equations. This last solution is an 
example of the type of equation 



1. a cos jr + 6 sin Jf = c, c^ Va^ + ft*. 
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To solve equations of this type divide by Va^ + h^> 

a . h ' c 

cos X H ^=z=zi sin X = 



Now ^ = cos a and ^ = sin a 

Va« + 62 VaM^2 

since 

cos'a -f sin2a=( — ] +( — ) =1. 

VVa2+62; VVa^ + W 

Therefore we may write 

c 




cos a cos X -\- sin a sin a; = 



Va* + 52' 



cos (x— a) = 



Va« + 62' 



a? — a = COS"* — ^ = 2 riTT ± cos~* ^ 



Va2 + 62 Va2 + &2 ^ 

and x = 2nir ± cos~* ^ + a. 

Va^ + 62 

Another fy/)e of equation is 

2. tan aO = cot &6 or sin oO s= cos M. 

We may put 
cot be = ta^nf^ -- he\ sin aO = cos f'^ - aoX 

Therefore 
tan od =a tan r^ — 6^\ cos bO = cos [ | — aoX 
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a + 6 6 ± a 

Example. Given tan 3 ^ = cot 2 ^, find ^. 

cot2^ = tan/'^-2^Y 
Therefore, tan 3 ^ = tan /"^ - 2 ^\ 

3^ = n7r+^|-2A 

/^ + 2 _ (2n + l> , 

^—5— — 10 — 

A third type of equation is 

3. sin ax + sin &jr + sin or = 0, 

cos ax + cos bx + cos or = 0, 
cos or + cos bx + sin or = 0, 
sin or + sin &x + cos ex = 0. 

To solve equations of this type, formulae (19) and (20) 
are used. 

Example. Solve the equation sin 5 a— sin 3 a? +sin x=:0. 
We may write 

sin5a;— sin3a: = 2 cos |- (6 a; -f 3 «) sin |- (6 as ^ 3 a?) 

= 2 cos 4 a; sin a;. 

Therefore 2 cos 4 a; sin x + sin or = 0, 

,r^ sina;(2cos4aj + l)=0. 

Whence, ^ ^ 

sin a? = or 2 cos 4 a; -|- 1 = 

X = sin~* 4 aj = cos"* (— ^) 

o 

a? = sin"* = riir 4aj = cos"*(— ^)=2wir ±-~^ 

o 

2 6 
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67. Simultaneous equations involving trigonometric func- 
tions can in many cases be solved. 

Example 1. Given y = 1 — cois 05, y = 1 + sin a?, j&nd x 

and y. 
» 

We have 1 -f sin a; = 1 — cos a?, 

sin a; = — cos a?, 

tan a; = — 1. 

X = tan-i ( - 1 ) = nir -f%r , 

4 

^^ y=l + sina? = l — cosa?=l± . 

Example 2, Given r cos ( ^ — ^ j = a, r cos [ ^ — ^ ] =: a, 
find r and ^. \ V \ V 

We have 



rcos 



cos 






^-| = 2«.±(^-|) 



TT 



4 



r = a sec /^^ — ^ j = a sec T^ — | j 

= a sec ( wtt — Tn]— ^ s®^ { ^'r + ^ )■ 

When n is even, sec (nir — -^ ) = — sec ^, 

' V ^V 12' 



("- + 5)" 



sec f wtt + :^ 1 = + sec :^. 
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When n is odd : 



sec 



^n.-^y.ec(n.+^y-Bec^. 



Therefore, r=s—a sec — . 

12 

68. Equations Involving Inverse Trigonometric Fonctioni 

may, in general, be solved by transforming to other, equiv- 
alent equations involving the direct functions. The method 
of solution is illustrated by the following examples. 

Example 1. Solve the equation 2 tan"^ x = cot"* as. 

We have cot (2 tan~* x) = cot (cot"* a?) 

or [cot (taa-' «;) ]»- 1^^ 

2 cot (tan"* x) 

That is, —I — = ^ or 3aj2 = 1 ; whence ar = ± —=• 

X 

Example 2. Solve the equation cos~* x -f sin~* 2xss0, 

We have . , . , • -, o \ a 

sin (cos * a? + sin 1 2 a;) = 0, 

or 

sin (cos~* x) • cos (sin"* 2x) -\- cos (cos"* x) • sin (sin~* 2 a?) = 0. 



That is, ± Vl-o*- VI - 4 aj2 -f a; • 2 a; = 0. 
Whence,(l-x^)(1^4:X^)=:4:X^,5x^=l, x=± ^ 



V6 

A second method of solving example 2 is as follows : 

COS"* a? = — sin"* 2 x, 
sin(cos~* x)= sin (— sin"* 2 a;), 

Vl^^^=-2Xy 

6aj» = l, 
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a; = ± 



V5 



In every case the values must be checked by substitution in 
the original equation. 




often 



Fig. 30. 



It is often convenient, in dealing with inverse functions, 
to assume the angle whose function is given and to construct 
a figure to show the values of the remaining functions. 
Thus, in example 1, we wish to find cot (tan"^ a?). Let 
tan"* x=sa and construct the angle a, Fig. 30, with ordinate 
equal to ± a; and abscissa equal to ± 1. The distance is 





Fig. 31. 



then Vl-f^, and all the functions are readily found. 
Thus, cot (tan~* aj) = - • Similarly, in example 2, we wish 

X 

to find sin (cos~i 05) and cos (sin"* 2 x). By figure 31 we see 
assuming cos"* 05 = a and sin~* 2 a = 6, that sin (cos"* x) = 
± Vl — a? and cos (sin"* 2 a;) = ± VI — 4aj2. 
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EXAMPLES 

Solve the following equations : 

1. 8in62^8in8x+ 8inx=: 0. 

2. cos^ + co82^ + co83^ = 0. 

3. sin 4 X — sin 2 X ^ cos 3 x = 0. 

4. 6 sin ^ + cos ^ = 2. 9. tan x = cosa^ 

6. 2 sin ^ + cos 6 = 2. 10. cos 2x = i cos x, 

6. sin2x = sinx. 11. 8in2^cos2^ + 2sintf = 0. 

7. cos2x=:sinx. 12. sin4x— 2sinxco82x = 0. 

8. sin3 = cos^. 13. sin4^ = cos2tf. 
14. cos2 = sin2 0- 1. 

16. cos (x — a) cos x — sin (x — a) sin x = 0. 

16. sec2x = 3csc2x. 

17. sindcosd — sin/-— ^^ cosf- — dj = 0. 

18. 27 CSC cot ^ = 8 sec tan 6, 

19. 25sin^-12.8csc2d = 0. 

20. cos«^ — 2sin2dcosd = 0. 

Solve the following simultaneous equations for x and y^ or r and $, 

21. y = l — cos2x, 27. r = 3sin^ + 2costf, 
y = 1 + sin 2 X. r = 3 cos d + 2 sin tf. 

22. r = sec»«, 28- J^ = 4«to2*, 

2 j/Jsin2x=l. 

r = csc2- . 29. 1^ = sin x, 

1^ = sin (x -f a). 

23. r = a sin d, / „\ o„ 
r=a8m20. 30. r cos Jd-:|j =^, 

24. y=z2a cos x, r = a sin 0, 
y = 2asinxtanx. 3^ r2 = sind, 

25. ycosx = 2a, r* = sin3^. 

y = 6 a sin X. «««.««« 

^ 32. r2sin2d = 8, 

26. »«sin2d = l, r = 2secd. 



r8cos2^ = 1. 



33. r2sin2^ = 4, 
r2 = 16sin2d. 
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Solve the following equations : 

34. sin~i X = sin~i a + sin-i 6. 37. sin~i x = cos~i (— «). 

35. sin-ix + 8in-i2x = -. 38. tan-i2a5+tan-i3«= — . 

3 4 

36. sin-i- + sin-i?=-. 39. tan-i a; = 2 coeri - • 

X X 2 2 

40. tan-i (X + 1) - cofi ( -^— ) = tan-i 2. 

41. cos 1 h tan * = — • 

x« + 1 x2 - 1 3 

42. tan-i ?-=li + tan-i -^ = tan-i( - 2) . 

x+1 x-1 ^ ^ 

Solve the following equations, finding only the principal values of 
angles: 

43. cos 5 X — cos 3 X + sin X = 0. 49. y = tan 2 x, 

44. sin4x + sin2x + 2cosx = 0. i^ = cos2x. 

45. cos3x = cosx. 5^- r = sin^, 

46. cotx = cosx. r = 

47. y = 1 4-cos2x, 
y = 1 — sin 2 X. 

48. r= a cos ^, 
r = a sin 2 0. 






51. sin 4 ^ = cos 6. 

52. 3sin^ + co8tf = 2. 



SPHERICAL TRIGONOMETRY 

CHAPTER VIII 
FUNDAMENTAL RELATIONS 

69. Spherical trigonometry deals with the relations 
among the sides and angles of a spherical triangle ; that 
is, of a portion of the surface of a sphere bounded by the 
intersecting arcs of three great circles. It deals also with 
the computation of unknown parts of such a triangle from 
parts which are known, the process being called, as in plane 
trigonometry, the solution of the triangle. The sides of a 
spherical triangle, being arcs of circles, are expressed in 
degrees, minutes, and seconds, and, as is customary, we 
shall consider only those triangles in which each part (angle 
or side) is less than one hundred and eighty deg^r^s. 

70. Law of Cosines. There is one theorem, the law of. 
cosines, which may be called the fundamental theorem of 




Fig. 32. 

Spherical trigonometry, because by means of the theorem 
any spherical triangle may be solved when three of its parte 
are known. We shall proceed to prove the Law of Cosines. 
Let ABCj Fig. 32, be a spherical triangle on a sphexe 
whose center is 0, and let the sides b and c be less than 90^. 

94 
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- ^A.v.. 
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Through any point, A', on OA pass a plane perpendicular 
to OA cutting the planes OAC, OAB, and OBO, in A'C, 
AB\ and B'0\ respectively. Then the angle B'A'G^ is the 
measure of the diedral angle B-OA-C and, therefore, of 
the spherical angle A, Also, by the construction, the angles 
OA'B' and OA'C are right angles. In the triangle AB'G^ 

5^D^=S^a^^-c^I^-2B'^'. c^'cos^, 

and in the triangle B'OC 

BC^ = W0^-\-C^-2B'0' C'Ocosa. 
Whence 

B(T+aO^--2B'0'COcosa 

= WA^ -\-C^'^ -2 B'A'-C'A' cos A, • 
or 

2B'0' CO cos a 

= 5^-5^7l'^^-c7o'-C^a^'+25'^'. C'^'cosA 

But B^OA' and O'OA' are right triangles, and therefore, 

We then have 

^0 . CO cos a = dA'^-\- B'A' • CA' cos A, 

or ^ OA' OA'B'A' C'A' ^ . 

cos a = — -— • -— — + -— — • — — — • cos A. 

B'O CO B'O CO 
But 

' OA' OA' 

— — = cos BOA = cos c, J— = cos AOC = cos b, 

:|;^=sBin50^ = sinc, ^ = sin ^0(7= sin &. 

Hence cos a = cos h cos c + sin & sin c cos ^ 

which is the law of cosines. 



96 
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In the above demonstration the sides b and c were taken 
less than 90° in order that the construction of the right tri- 
angles B'OA' and C'OA' might be possible. The resulting 
theorem, however, is true in all cases. Let us assume 
90°<6<180*' and 90° < c < 180**. Then, [Fig. 33, pro- 
duce the arcs AB and ^C to meet in A*, thus forming a 
lune. In the triangle A^BC, b' and c' are less than 90**. 





FiQ. 33. 



Fio. 34. 



The law of cosines is, therefore, true for the triangle A'BC, 
so that, since A^ = A, 



But 
Whence 



cos a = cos b' cos c' + sin 6' sin c' cos A» 
6' = 180° -6 and c' = 180°-c. 



cos a = cos (180° - b) cos (180° - c) 

+ sin (180° - b) sin (180° - c) cos ^ 



or. 



cos a = cos b cos c + sin b sin c cos A. 



Q.B.D. 



Agam, let b < 90° and 90° < c < 180°. Produce the arcs 
BA and BC, Fig. 34, to meet in B', thus forming a lune. 
Then, in the triangle AB'O, b < 90° and c' < 90**, and, 
therefore. 



cos a' = cos b cos c' -|- sin b sin c' cos CAB\ 



But 



a' = 180°-a, c'=180°-c, and CMB' = 180° - A 

Hence 

cos (180° - a) 

c=oos 6 cos (180° - c) -f sin 6 sin (180° - c) cos (18ff* - ^), 
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or, 008 a = cos 6 cos c + sin 6 sin c cos A, 

which proves the law of cosines for all cases. 

We thus have the three fundamental equations, the law 

of cosines : 

cos a = cos & cos c + sin & sin c cos A, 

cos 6 = cos CC08 a + sin csin acos^, (37) 

cos c= cos a cos 6 + sin a sin & cos C, 

by means of which any spherical triangle may be solved. 
For example, given a = 60°, b = 70°, A = 65"*. 

We have 

cos 60° = cos 70° cos c -f- sin 70° sin c cos 65,° 

^^' .500 = .342 cos c + .940 sin c x .423, 

.342 cos c + .398 sin c = .500, 

.342 cos c + .398 sin c _ .500 

V(.342)2 + (.398)2 V(.342)2 + (.398)2* 

.342 ^ , .398 . ^ .500 
cos c H sinc = , 

.525 ^.525 .525' 

.651 cos c + .758 sin c = .952, 

.651 = cos 49.4°, .758 = sin 49.4°. 

Therefore, 

cos (c - 49.4°) = .952, 

c - 49.4° = cos-i .952 = 18.2° and c = 67.6°. 

Similarly the other parts may be found. The equations 
are not, however, adapted to logarithmic computation, so 
that for practical use, as will presently be shown, they 
must be transformed in various ways. 

71. Law of Cosines Applied to the Polar Triangle. The 
law of cosines, being true for any triangle, is true for the 
polar triangle of ABG. Therefore, denoting the six parts 
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of the polar triangle by the same letters accented, we have 

cos a' =s cos h' cos c' + sin V sin d cos A'. 
But 

Whence, 

cos (180° - ^)= cos (180°--B) cos (180^-0)+ sin (180'*--B) 

sin (180° - 0) . cos (180*^ - a), 
or 

— cos A = cos B cos (7 — sin -B sin (7 cos a, 

so that the truth of the three following equations is obvious : 

cos -4 = — cos B cos (7 + sin S sin C cos a, 

cos -B = — cos C cos -4 -h sin sin -4 cos 6, (38) 

cos = — cos -4 cos -B + sin -4 sin -B cos c. 

72. Law of Sines. Another theorem of importance in the 
solution of spherical triangles, known as the law of sines, is 
as follows : In any spherical triangle the sines of the sides are 
proportional to the sines of the opposite angles. That is, 

sin a: sin 5: sinc^sin^: sinB: sinC (39) 

From equations (37) we have, 

«^« A cos a — cos h cos c 

cos A = . ^ . . 

sm sm c 

Whence 

1 cofl^ j1 ^ 1 (^^^ q - cos 6 cos c)« 

sin* h sin* c ' 

• 2 A _ sin^ b sin* c — (cos a — cos 6 cos c)* 

sin* 6 sin* c 

(1 — cos^ 6)(1 — cos* c)~ (cos a — cos h cos c)* 

sin* h sin2 c 

_ 1 — cos^ h — cos^ c — cos* g + 2 cos g oos 6 cos c 

sin2 h sin^ c 



or. 



VIII, 8721 FUNDAMENTAL RELATIONS 99 

Whence, 

sin' A _ l — COS* a — cos- b — cos' c + 2 cos a cos h cos c 
sin^ a sin2 a sin^ 6 sin' c ' 

or, 

sin^ VI — cos' a — cos' 6 — cos' c4-2 cos a cos h cos c 
sin a sin a sin h sin c 

where the positive sign is taken because A and a are each 
less than 180^. The right-hand member of this expression is 
symmetric in a, 6, and c, so that if we started with cos B or 
cos C instead of with cos A, thef&nal result for the right- 
hand member would be identical with that written above. 
Therefore, obviously, we have 

sin ^ _ sin ^ _ sin (7 
sin a sin & sin c ' 

the law of sines which was to be proved. 



I 



/A 



836892 



CHAPTER IX 
THE SOLUTION OF RIGHT SPHERICAL TRIANGLES 

73. Special Formulae for Right Triangles. If we let C be 

the right angle in a right spherical triangle, and put C = 9(f 
in the third equation of (37), we have 

cos c = cos a cos 6. (40) 

The third equation of (38) gives 

= — cos A cos -B + sin -4 sin B cos c, 
or, cos c = cot -4 cot jB. (41) 

The first two equations of (38) give 

cos -4 = sin 5 cos a, 

(42) 

cos B = sin A cos b. 

Using the proportions of (39) when (7= 90**, we have 

sin A sin B 1 

^__^— ^-. ~'~ ^—— 2s -^— ^— * 

sin a sin 6 sine 
Whence, 

sin a = sin A sin c, 

sin 6 = sin jB sin c. 

From (42) by (43) we have 

cos -4 = sin -B cos a = ?i5_. cos a, 

smc 

or, by (40) 

. sin 6 cose tan 6 
cos A ==■ — — • = • 

sm e cos o tan e 
100 



(43) 
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Similarly, 

cos 5 = ^^. (44) 

By (43), (44), and (40), 

sing 

. sin ^ sin c sin a tan c 

cos^ tan 6 sine tan 6 

tEmc 

sin a sin a tan a 



tan b cos c tan b • cos a cos b sin 6 

In the same way, 

tan-B = ^?5_?. (45) 

sin a 

74. The formulfiB (40) to (45) may be assembled, in a 
slightly different form, as follows : 



sine 


sine 


COS A = • 

tanc 


^^^ n_tana 
cos JS = • 

tan c 


tanil=**"^. 
sin 6 


sin a 


COS ^ = cos a sin A 


cosB=cos&sin^. 


cos c = cos a cos 6. 


cos c = cot ^ cot A 



(46) 



A device, known as Napier's Rules, was formulated by 
Napier to facilitate the remembering of the above formulae. 
Let us take for the Jive parts of a right triangle the sides 
a and 6, and the complements of A, B, and c. These five 
parts, Fig. 35, arrange themselves so that each is a middle 
to two adjacent parts and a middle to two opposite parts. 

Napdbb's Rules state 

I. The sine of the middle part equals the product of the 
tangents of the adjacent parts. 



I 
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II. The sine of the middle part equals the product of the 
cosines of the opposite parts. 



co-fi 



co-c 





eo-k* _ 

Fio. 35. 

By applying these rules to the various parts all the 
formulae of (46) may be obtained. Thus, for examploi 

sin (co-A) = tan b • tan (co-c). 
That is, 

sin (90** - ^) = tan 6 . tan (9(y* - c), 

tan& 



or. cos A = tan b cot c = 



tanc 



76. Rules for Solution. In a right triangle, the right 
angle being always known, only two other parts need he 
known to solve the triangle. To solve a right triangle by 
means of the formulae (46) we have, therefore, the general 
rule : Select thai eqxuition which involves the two known parti 
and one uiiknown part. 

The algebraic signs of the functions must be oarefoUy 
noted in order to determine the sign of the resulting func- 
tion iEUid thereby the angle. If the part to be found is got 
from a cosine, tangent, or cotangent there is no ambiguity, 
for if these functions are plus the part will have a value 
less than 90°. If they are minus the part will have for its 
value the supplement of the angle found from the tables of 
trigonometric functions. 

On the other hand, if the imknown part is determined by 
a sine, the sine being positive for all angles between 0^ and 
180**, the value may be either that got from the tables or its 
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supplement. In general both solutions must be used unless 
the ambiguity can be removed by the following laws : 

1. If the sides adjacent to the right angle are in the same 
quadrantj the hypotenuse is less than 90° ; if they are in dif- 
ferent quadrants, the hypotenuse is greater than 90®. 

2. An angle and its opposite side are in the same quadrant. 

Proof of Law 1. By (40) cos c = cos a cos 6. 

Let a<90'* and 6 < 90°. Then cosa = ±, cos6 = ±, 
and cosc=(±)(±)=+. Therefore, c < 90°. Again, let 

a ^ 90°, and 6 ^ 90°. Then cos a = ±, co8 6.= T, cose 
= (±)(:f) = -, andc>90°. 

Proof of Law 2. By (45) sin 6 = . 

^ ^ ^ tan^ 

Since sin h is necessarily positive, it follows that tan a 
and tan A are both plus or both minus. Therefore a and A 
are each less than 90° or each greater than 90°. 

76. The solution of right triangles is illustrated by the 
following examples : 

Example 1. Given ^ = 33° 50', 6 = 108°, find B, a, and c. 

From the formula^ (46) we select 

A tan CI A tan 6 *« -> • ^ 

tan-4 = -r-7-> cos^= , cos 5 = cos 6 sm A 

sin tan c 

or, 

tan a = tan A sin 6, cot c = cos A cot 6, cos B = sin A cos 6. 

+log tan ^ « 9.8263 +log cos A = 9.9194 

•^^logsinft =9.9782 "log cot 6 =9 .5118 

+log tan a = 9.8045 -log cot c' = 9.4312 

c' = 74° 54' 
a=32°31' c=105°6' 
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nog 8mA = 9.7467 
-log cos 6 =9.4900 
-log cos B' = 9.2357 

B' = 80° 6' 

B = 99'' 54' 

To check the results we select a formula involving the 

three parts to be found ; a, c, and B, Thus cos B = , 

tanc 

or 
' log cos B = log tan a + log cot c 

9.2357 =9.8045 + 9.4312 Check. 

\y Example 2. Given a = 47° 30', c = 120° 20', find A, B, 
and b. 

We have 

^. . sin a ^^„ o tan a ^^„ , cos c 
sm A = -: — , cos B = , cos o = . 

sin c tan c cos a 

log sin a =9.8676 +log tan a =0.0379 "log cos c =9.7033 
log sine =9.9361 "log tanc =0.2327 +log cos a =9.8297 
log sin A =9.9315 "log cos .B'=9.8052 "log cos 6'=9.8736 

5'=50° 19' 6'=4r 38' 

^ = 58°40' 5 =129° 41' 6 =138° 22 

Check. cos B = cos b sin A 

log cos B = log cos b + log sin A 
9.8052 = 9.8736 4- 9.9315 = 9.8051. 

Note. The value of A less than 90° is taken by virtue 
of law 2, Art. 75. 

\^ Example 3. Given B = 105° 59', b = 128° 33', find A, a, 
and c. 

We have, 

cos -B = cos 6 sin ^, tan-B = — 5.?^ sinj5 = 5i— , 

sin a sine 
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or, 

A COS JS • J. t 1. Ti • sin 6 
sm A = , sin a = tan h cot 5, sm c = -: . 

cos h sm ^ 

-log cos -B = 9.4399 -log cot -8=9.4570 log sin h =9.8932 

-log cos 6 =9.7946 - log tan 6 =0.0986 log sin B= 9.9828 

log sin ^ = 9.6453 log sin a = ^,hm^ log sin c = 9.9104 

^1 = 26° 14' ai = 21° 4' Ci = 54° 27' 

^2=153° 46' 02=158° 56' C2=125°33' 

Check. sin a = sin A sin c. 

log sin a = log sin A + log sin c 
9.5556 = 9.6453 + 9.9104 = 9.5557. 

By law 2 both sets of values must be used ; but by law 1 
the acute value Ci belongs with the obtuse values of A and a, 
the obtuse value C2 with the acute values of A and a. Thus 
the two solutions are : 

1. ^ = 26° 14', a = 21° 4', c=12o°33'. 

2. ^ = 153° 46', a = 158° 56', c=54°27'. 

Note. A quadrantcd spherical triangle is one which has 
a side equal to a quadrant. The polar triangle of a. quad- 
rantal triangle is right. Therefore, to solve a quadrantal 
triangle solve its polar triangle and take the supplements 
of the parts thus found. 

EXAMPLES 

Solve the following triangles in which C = 00^. 

fy 1. A=:4SflS', . 5. a =166° 19', % 9. a = 144° 1', 
a = 26** 26'. ^^ c = 46°60'. - 6 = 123° 6'. 

V/ 2. B = 88*» 15', . !; 6. 6 = 40° 49', ^ 10. ^ = 69° 17', 
6 = 76° 46'. '^ c = 136°40'. 5 = 61° 46'. 

^ 3. J5 = 110° eC, (7. a = 21° 18', 11. ^ = 137° 18', 

. 6 = 118° 80'. 6 = 49° 66'. B = 119°30'. 

^ 4. 6 = 127° 36', ! 8. a = 78° 32', 12. ^ = 71° 46', 

c = 04°62'. ^' 6 = 132° 26'. 5 = 148° 3'. 



■' .-J 
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13. -4 = 20° 84', ^19. ^ = 98° 17', *y/a6. ^ = 97*^ 24', 

c = 23°18'. a = 148° 8'. a = 108=^ 12'. 

C 14. B = 97° 86', L 20. a =172° 28', / 26. 6 = 164° 10', 

c = 96° 81'. c = 124° 89'. c = 188° 60'. 

L 16. -4 = 100° 88', ^21. a = 4° 64', 1/27. 6 = 84° 8', 

c = 51° 44'. b = 169° 27'. a = 64° 26'. 

L 16. B = 69°64', v^22. ^=76° 17', ^^^ 28. ^ = 166° 80', 

a = 6° 50'. B= 144° 1'. 5 = 104° 60'. 

17. B = 47°84', (^23. B = 82°48', . 29. A = 166° 1', 

a = 144° 24'. c = 99°26'. c = 50°80'. 

^^18. A = 102° 49', f 24. B = 99° 47', 30. B = 87° 66', 

6 = 10° 19'. a = 26° 48'. a = 157° 12'. 

Solve the following quadrantal spherical triangles (c = 90°) : 

V ' 31. ^ = 30° 12', ^33. 6 = 61° 88', ^ 36. -4 = 169° 20*, 

a = 72° 29'. = 25° 48'. a = 186° 80'. 

^ ' 32. ^ = 118° 16', iM. ^=141° 18', 36. 6 = 18° 41', 

a =187° 57'. C = 49°86'. ^ = 89° 24'. 



CHAPTER X 
TH£ SOLUTION OF OBLIQUB SPHERICAL TRIANGLES 

77. Six Cases may be enumerated in the solution of 
oblique spherical triangles. 

1. Given the three sides, a, 6, c. 

2. Oiven the three angles. A, B, C. 

3. Oiven tvoo sides and the included angle, a, h, C. 

4. Given two angles and the included side. A, B, c. 

5. Oiven two sides and the angle opposite one of them, a, 
b,A, 

6. Oiven two angles and the side opposite one of them. A, 

B, a. 

We shall proceed to consider these cases in the order 
named. 

78. Case 1. Oiven the three sides. The law of cosines is 
sufficient to solve this case, but the equations are not 
adapted to logarithmic computation. We therefore de- 
velop them as follows : 

We have proved the formula 

— cos -4 



^iA=^J^ 



QOSA 

By the law of cosines 

cos a — cos b cos c 



QOSA = 



sin b sin c 
107 



Jt 
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Whence 

1 — cos A _ sin 6 sin c + cos b cos c — cos a 
1 + cos A sin 6 sin c — cos b cos c + cos a 

_ cos (6 -- c) — cos a __ cos a — cos (6 — c) 

cos a — cos (6 + c) cos (6 + c) — cos a 
But 

cos a — cos (6 — c) = — 2 sin ^(a 4- & — c) sin^(a — b + c), 
cos (6 + c) — cos a = — 2 sin ^ (a + 6 + c) sin ^ (6 + c — a). 

Hence 

1 — cos ^ __ sin j^ (g + 6 — c) sin 4^ (g — 6 + c) 
1 -h cos -4 sin ^ (g -h 6 -h c) sin ^|(6 +c — a) 

Let g + 64-c = 2s; then g + 6 — c = 2 (« — c), 

a — b-{-c = 2(8 — b)y and 6 + c — g = 2(« — a). 

Therefore, 1 — cos A _ sin(8 -— b) sin (8 — c) 

lH-cos-4 sinssin(s — g) 



tan|.i= >^("-^)"/°("7^) . (47) 

2 \ 8in58in(s-a) ^ ^ 

Similarly, 

2 ^ 8ins8in(s-&) ' 

tan i C=x/?^^5E«l»iE5ES. 
^ ^ 8iiiS8in(s— c) 
We may write 

tan4^= ^ . Jsin (s ^ a) sin {s ^b)sm(8^~^ 

8in(s — g) ^ sin« ' 

or, putting 

, __ / sin (a — g) sin (s — b) sin (a — c) 

\ sin >» 



* sin (s — a) 
* 8ill(«-ft)' « 8in(s-c) 
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Either set of formulae (47) or (48) may be used in the solu- 
tion of Case 1. If a ch£ck is desired in the solution the law 
of sines may be so used. Thus, since 

sin ^ __ sin ^ _ sin (7 
sin a sin & sin c ' 
it follows that 

log sin A — log sin a = log sin jB — log sin h 

= log sin C — log sin c. 

It must be remembered, however, that results may check 
and still be incorrect. If they do not check they are wrong ; 
if they check they yruiy be right, or may be wrong, since 
errors may compensate each other. It is important to 
check one's work, but far more important to learn, by care- 
ful attention, to work accurately. 

Example. Given a = 103°, h = 53°, c = 61°, find A, B, 
and C. 

Using the formulae (48) we find 

8 = 4^(103° -f- 63° -F 61°) = 108° 30', 

«-a = 5° 30', 8-6 = 55° 30', s-c = 47°30'. 

log sin (s - a) = 8.9816 

log sin (s- 6)= 9.9160 

logsin(s-c)= 9.8676 

log CSC 8 = 0.0230 

2 )18.7882 

logA;= 9.3941 

log k = 9.3941 log A; =? 9.3941 

log sin (« - g) = 8.9816 log sin (g - 6) = 9.9160 

log tan I ^ = 0.4125 log tan | .B = 9.4781 

I ^ = 68° 51', I -B = 16° 44', 

A = 137° 42', B = 33° 28', 



no SPHERICAL TRIGONOMETRY [X. §78 

log k = 9.3941 
log sin (g - c) := 9.8676 
log tan I C = 9.5265 
i (7 =18*^35', 

Check. 

log sin ^ = 9.8280 log sin B = 9.7415 log sin (7 = 9.7811 

log sin a = 9.9887 log sin b = 9.9023 log sine =9.9418 

9.8393 9.8392 9.8393 

79. Case 2. Oiven the three angles. This case may be 
solved by the same formulae that are used in Case 1, by 
making use of the principle of polar triangles. Thus, using 
accented letters to represent the corresponding parts of the 
polar triangle, we have a' = 180^ -A, b' = 180** - JS, </ = 
180*^ — C. Knowing the sides a', 6', c', we can find the 
angles -4', -B', (7, as in Art. 78. Then the sides of the 
original triangle will be 

a = 180° - A\ b = 180° - B', c = 180° - C 

Example. Given A = 123°, B = 43°, O = 64°, find a, b, c. 
Here a' = 180° - ^ = 57°, b' = 137°, c' = 116°, 

8 = }(57° + 137° + 116°) = 155°, 
« - a' = 98°, « - 6' = 18°, « - c' = 39°. 

log sin (« - a') = 9.9958 
log sin (s - 6') = 9.4900 
log sin (« - c') = 9.7989 
log CSC 8 = 0.3741 
2)19.6588 
logA;= 9.8294 
log k = 9.8294 log A: = 9.8294 

log sin (s - gp = 9.9958 log sin (s - b') = 9.4900 

log tan ^ ^' = 9.8336 log tan 1 5' = 0.3394 

I ^' = 34° 17', 1 5' = 65° 24', 

A' = 68° 34', B" == 130° 48', 
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log k = 9.8294 

log sin (a - cQ = 9.7989 

log tan I (7 = 0.0305 

|C = 47''l', 

Therefore "~ 

a = 111° 26', h = 49° 12', c = 85° 58'. 

Check. 

log sin A = 9.9236 log sin 5 = 9.8338 log sin = 9.9537 

log sin g = 9.9689 log sin 6 = 9.8791 log sine =9.9989 

9.9547 9.9547 9.9548 

Note. Using the law of cosines as stated in (38), Art. 

71, whence 

cos J5 cos C H- cos -4 



cosa = 



sin -B sin (7 ' 



and proceeding as in Art. 78, the following formulae mskj 
be got: 

cotia-\/ cos ^ cos (^-^) ' 



or 

cos {8 — A) 
where 

^ / cos (5 - A) cos {8 - B) cos {8-0) 

^==\ -^^^ '■ ' 

and similar formulae for cot ^ h and cot ^ c. These formu- 
lae are simple and convenient, but it is unnecessary to bur- 
den the memory with them. 

80. Cases 3 and 4, two aides and the included angle, two 
angles and the included side, are solved by means of Napier's 
Analogies, which we shall proceed to derive. 

From (48), Art. 78, we may write 

^ A ^ B k^ 

tan TT tan ^r = — 



2 2 sin(« — a) sin(« — 6)' 



I 



w 
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or, since , 2 sin (s - a) sin (s - b) sin (s — c) 

'^ = . 8in« ' 

A B 

sm — sin -- . , 

2 2 sm (« — c) 

^ B sin 9 

cos — cos — 

2 2 

Whence, , _ 

sin — sm — . , 

^ 2 2 _ i sm (« — c) 

m"3~75'" "" sin« ' 
cos — cos — • 

2 2 

or, 

A B . A . B 

cos— cos— — sm— sm- . . . ^ 

2 2 2 2 __ sing~sin(8-c) 

«^« -4 ^^„ -B "" sin « 

cos — cos — 

2 2 

That is, 

cos ^ (^ + 5) __ 2 cos ^ (2s — c) sin ^ c 

A B " sin« 

cos ^ cos - 

Whence, since 2s — c = a-|-6 + c — c = a + 6, 

cos ^(A + B) 2 cos ^(a'\'b) sin ^c 

A 5~"" sins 

cos -- cos — 

2 2 

Also, from (a) above, 

. A . B 

sm— sm— . , 

^■^ A B" ^ sins ' 

cos — COS — 

2 2 
which being transformed in the same maimer gives 

COS ^(A — B)_ 2sin|(a + 6)co8^c 

A 5 sins 

cos — cos — 
2 2 



08) 



(y) 



X, §80] OBLIQUE SPHERICAL TRL/^NGLES 113 

Dividing (fi) by (y) we have 

cosl(A+B) ^ tan|c ^49^ 

COS I (A -5) tani(a+6) 

Again, from (48) Art. 78 we may write 



or, 



2 


sin (« — 6) 


tan^~ 
2 


sin(« — a)' 


. A B 

sin — cos - 

2 2 


sin (s — 6) 


^ . B~ 

cos — sm — 

2 2 


sin (s — a) 



Whence, 

. ^ B 

sm -- cos — 

2 2 . sin(«-6) ^ 

cos ^ sin ^ sm(.^<i) 

2 2 

sin -- cos -- ± cos — sin — 

2 2 2 2 _ sin(g~6)±sin(8-a) 

«^« -4 ^. 5 ~ sin (s — a) * 

cos — sin -- ^ ^ 

2 2 
Using the upper signs, 

sin^^ {A -f ^) _ 2sin| (2g- g- 6) cos ^ (a - 6) 

«^= -^ o^^ -S ~ sin (s — tt) 

cos — - sm — ■ ^ ^ 

2 2 

_ 2 sin 4 c cos ^ (a — 6) ^ /«x 

sin (s — a) 
Usmg the lower signs, 

sin^ (^ - B) _ 2cos^(2g- g ~ 6)sin^(a -6) 

«^ ^ ci^ -S ~ sin (« — g) 

cos — - sin --- ^ ^ 

2 2 

_ 2 cos 4^ c sin ^ (g — 6) ^ v 

sin (s — g) 
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Dividing (8) by (c), 

8in^(ii + ^) tan^c 

— 1 ■ = — r-^ (50) 

s\n\(A-'B) Un|(a-6) ' 

Applying (49) and (60) to the polar triangles we obtain 

cos i (A' - B') tan \ {a/ + h') ' 

sin ^ (^^ -j- B^) ^ tan^c^ 
sin \ {A! - B') tan ^ (a' - 6') ' 

Remembering that ^' = 180** -a, a'sslSO"" — ^, etc. 
these become 



co8j(a+6)__ cot|c 

cos I (a -6) tan|(il-f -B)' 

8in|(a + 6) cot|c 



sin I (a - 6) tan | (A — fi) 



(61) 



(62) 



The formulse (49), (60), (61), and (62), called Napier's 
Analogies because of their similarity to formula (28) of 
the plane trigonometry, can obviously be written in other 
forms by the cyclical interchange of the letters. 

81. Case 3. Example. Given a = 100** 30', h « 40** 20^, 
(7= 46** 40', find A, B, c. Napier's analogies (61) and (62) 
may be written 

tmUA I ■Bx_ <^Qsi(a-6)cot^(7 
tan^(^ + ^)- cosi(a + 6) ' 

tan 1 M - ^, sinKo-L^ic^H^ 
tan^fC^-i^)- sinKa + 6) ' 

which will determine A and B, Then to find c we may use 
either (49) or (50). The latter may be written 

f^r.i.- SinK^ + B)tanKa-&) 
^ sin i{A - B) 
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We have 

^(a +.6)= 70** 25', ^ (a - 6) = 30** 5', ^C=23*'20'. 

log cos |(a - 6) = 9.9371 log sin ^ (a - 6) = 9.7001 

log cot I C = 0.3652 log cot ^ (7 = 0.3652 

log sec ^ (a -h 6) = 0.4748 log esc ^ (a + 6) = 0.0259 



log tan i(A + B)= 0.7771 log tan ^ (-4 - 5) = 0.0912 

\(A + B)= 80** 31', ^ (^ - 5)=50"59'. 

Whence A = 131° 30', B = 29° 32'. 

log sin ^(^ + -8) =9.9940 

log tan ^ (a - 6)= 9.7629 

logcsc|(^-^)= 0.1096 

log tan I c = 9.8665 

I c = 36° 20', 

c = 72° 40'. 

The signs are all plus in the above computation. 

Case 4. Example. Given B = 110° 40', C = 100° 36', a = 
76° 38', find 6, c, A. 

Napier's analogies (49) and (50) may be written 
tan^(6 + c)- eosi(B + C) ' 

tanHfr ,x 8m^(^-C0tan|a 
tani(6~c)- 8in|(5+C7) ' 

which will determine b and c. To find A either (51) or 
(62) may be used. The latter is 

^ Sin ^ (6 — c) 

Here ^ (5 + C) = 105° 38', ^ (5 - C) = 5° 2', | a = 38° 19'. 

+log cos IIb-C)^ 9.9983 +log sin ^ (5 - C) = 8.9432 

+log tan ^ a = 9.8977 +log tan ^ a = 9.8977 

-log sec ^ (5 + (7) = 0.5695 +log esc |(5 + 0) = 0.0164 



■log tan ^ (6 + c) = 0.4655 +log tan ^ (6 ~ c) = 8.8573 

180° - i{b + c) = 71° 6', 1(6 - c)= 4° 7'. 

J(6 + c) = 108°54', 
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Whence b =113° 1', c = 104** 47'. 

log+ sin i (6 + c)= 9.9769 

log+ tan (5 - O) = 8.9449 

log+csc ^(6 -c) = 1.1440 

log+ cot ^ ^ = 0.0648 

1^ = 40^44', 

^ = 8^28'. . 

Note that the algebraic signs are not all plusy and that 
the quadrant in which the angle lies is determined by the 
sign in the case of the tangent, cotangent, or cosine. 

82. Cases 5 and 6, two sides and an opposite angle or ttoo 
angles and an opposite side, may be solved by the law of 
sines together with Napier's analogies. Thus, if -a, b and J 
are given, we may write 

sin 6 sin ^ 



sin 5 = 



sin a 



\ which, however, does not determine B unambiguously, since 
I B may be either acute or obtuse. In this case, indeed, ' 
I there may be two solutions, one solution, or none. We 
\ know, however, that if two sides (or angles) of a spherical 
j triangle are unequal the angles (or sides) opposite are un- 
equal, and the greater angle (or side) lies opposite the 
greater side (or angle). These theorems enable us to deter- 
mine which values of the angle (or side) are possible. 

^ f less "1 

Thus ifbSa, then only values of B which are { fj^oai \ ^^^ 

A are possible; both values of B may be so, or only one 
value. If the sine of B is greater than unity; that is, if log 
sin B is positive, no solution is possible. These same con- 
siderations obviously apply to case 6 also. 

Another method of removing the ambiguity of Cases 6 
and 6 is as follows: Two angles are of the same species 
when they are both acute or both obtuse. Also, since each 
side and angle of a spherical triangle is less than ISO", we 
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see that ^(A + B) and ^ (a + 6) are each less than 180° ; 
while ^(-4 — B) and ^ c are each less than 90"*. It follows, 
in Napier's first analogy, 

cos \(A'{' B) _ tan^c 
cos ^{A — B)" tan^(a + b) ' 

that tan ^ c and cos ^(A — B) are both positive. Then 
cos ^ (A -H B) and tan ^ (a -f 6) must have the same algebraic 
sign, and, therefore, ^(A + B) and ^ (a + 6) dre of the same 
species. Thus, when a and b are given and -4 or 5 is to be 

found, if \{a + 6) ^ 90° must also | (A + 5) ^ 90° ; and 

the values of -4 or 5 must be so chosen as to satisfy this 
condition. * 

Having thus found B, say, (whether there be two values 
or only one) we may complete the solution of the triangle 
by the use of Napier's analogies. 

Example 1. Given a = 46° 30', b = 30° 20', B = 36° 40', 

solve the triangle. 

We have „. . sin a sin 5 

sm A = :— - — 

sin b 

log sin a = 9.8606 

log sin 5 = 9.7761 

log CSC b = 0.2967 

log sm ^ = 9.9334 

^ = 59°4'orl20°56' = .4'. 

Here a > 6, and, therefore, must A>B. This is true of 
both values of A found, so that there are two possible solu- 
tions of the triangle. To find C and c we may use (52) and 
(60). 

2 Bin^(a-6) 

t^ c ^ sinK^ + ■B)tanK« - &) 
2 8mi(^-B) 
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We have 

First solution Second solution 

|(a + 6) = 38° 25/ ^a + b) = 38° 25', 

Ka-6)=8°5', K«-2^) =8' 5', 

|(^ + B) = 47° 52/ i(A' + B)=: 78° 48', 

|(^ -B)= 11° 12'. |(^' - -S) = 42° 8'. 

log sin i(a +b) = 9.7934 or 9.7934 

log tan i(A - B) = 9.2966 9.9565 

log esc ^(g -b) = 0.8519 0.8519 

log cot ^=9.9419 or 0.6018 

^ 2 

^=48° 49', ^ = 14° 3', 
C=97°38'. 0' = 28°6'. 

log sin i(^+^)= 9.8701 or 9.9916 
log tan \(a - 6) = 9.1524 9.1524 

log CSC ^(^- B)= 0.7117 0.1734 

log tan I = 9.7342 or 9.3174 

I = 28° 28', - = 11° 44', 

c=56°56'. c' = 23°38:. 

The two complete solutions are, therefore, 

^=59° 4', or 120° 56', 
O = 97° 38', 28° 6'; 

c = 56° 56'. 23° 28'. 

Example 2. Given a = 126°, c = 70°, A = 56°, solve the 
triangle. 

Using the formula 

sin ^ sin c 



sin (7 = 



sin a 
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we have log sin ^ = 9.9186 

log sin c = 9.9730 
log CSC a = 0.0920 
log sin (7 = 9.9836 

C = 74° 20' or 106° 40'. 

But since a> Cy must A> C. Therefore, there is no solu- 
tion, Otherwisie thus : 

^ (a -h c) = 98°, ^ (^ + C) = 65° 10' or 80° 50', which are 
not of the same species. 

Example 3. Given A = 84°, C = 19°, a = 28°, solve the 
triangle. 

Using the law of sines, sin c = ^"^ 

sin -4 

log sin C = 9.5126 
log sin a = 9.6716 
log CSC A = 0.0024 



log sin c = 9.1866 

c = 8° 50' or 171° 10'. 

But since C < A, must c < a, and the second value is 
impossible. 

To find h use (50). 

logsin|(^-fC)= 9.8935 
log tan |(a - c) = 9.2275 

log CSC i U - (^ = Q'^^Q^ 
log tan ^ 6 = 9.3908 
1 6 = 13° 49', b = 27° 38'. 

To find B we may use (52), which has the advantage of 
giving an unambiguous result, or the law of sines. Selecting 
the latter method we have 

log sin C = 9.5126 

log sin 6 = 9.6663 

log CSC c = 0.8137 
log sin 5 = 9.9926 

B = 79° 27' or 100° 33'. 
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But since b<ay must ^ < A, and the second vcUue is im- 
possible. The complete solution is, therefore, 

c = 8° 60', 6 = 27** 38', B = 79° 27'. 

83. Delambre's Analogies or Gauss's Squations. 

Using the law of cosines we may write 
. cos a — cos b cos c 

cos A = : — -— : 

sin sm c 
Whence 

1 ^^g^-o,i^«i^_(co8g^cosc + sin&sinc)-co8a 

sin 6 sin c 
or, 

2 nin*^— ^^^^ — c)— cos a _ 2 sin j^(a+6— c)sin^(a— 6+c) 
2 sin & sine sin 6 sine 

That is, 

sin- :^ J siQ (» - ^) si^ (^ - c) 
2 ^ sin 6 sin c 

B C 

with similar formulae for sin -- and sin —■• 

2 2 

« 

In the same manner, by adding unity to each side of the 
first equation of this article, may be obtained formulae of 
which the type is 

2 ^ sin 6 sin c 

From these obviously follows 

sin ^ cos g^ ^"' (s^b) I smsHin {s '^^ 
2 2 sine ^ sin a sin 5 

sine 2 

In the same way we obtain 

A ' B sin (« — a) ^^„ (7 ,/,v 

cos — sin —-= ^ ^ cos —. (B) 

2 2 sine 2 .^ 
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Adding (a) and (fi), 

• ^ «^« -S i ^^„ A „. B sin (« — a)-f sin(s — b) ^^„ C 
sin — cos —- + cos — sm -- = ^ ^ ^ ^ cos — 

2 2 2 2 sine 2 



Whence 
sm 
or 



• 1 / V* . T>\ sm 4 c COS 4 (a — 6) /C 

m 4 M -f B) = ^-^j — ^-^^-= ^ cos 75, 

^ ^ ' sm^c cos^c " 2' 



8Ui^(A + B) = 2_^ ^ cos — • I 

^ ^ ^ cos 4^ c 2 

Similarly may be obtained 

sini(^-5)=?i24i«:z^ cos^, II 

^ ^ ^ sm I c 2 ' 

cos i (^ + 5) = 52Lii?L±^ sin ^, III 

^^ ^ cos^c 2' 

cosH^-^) = '^t^^"^^^ mg, IV 

^^ ^ sm^c 2' 

which, are the analogies or equations sought. These im- 
portant equations may be conveniently used in the solution 
of Cases 3 and 4 of oblique triangles. 

Example. Given a = 132° 47', b = 59° 60', C = 56° 28', 
solve the triangle. 

We have 
^(a -f &) = 96° 19', ^(a - 6) = 36° 29', | (7 = 28° 14'. 

log sin |(a + 6) = 9.9973, log sin |(a - 6) = 9.7742, 

log cos f (a + 6) = 9.0414, log cos |(a - 6) = 9.9053, 

log sin I' = 9.6749, log cos g = 9.9450. 

From equations II and IV, ^ 

log {sin |.c sin \{A - -B) } = 9.7742 + 9.9450 = 9.7192, 
log { sin I c cos ^ (^ - 5) { = 9.9973 + 9.6749 = 9.6722. 
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Whence 

log tan ^ (^ - 5) = 0.0470, 

From I and III, 

log+ { cos I c sin J (^ + 5) I = 9.9053 + 9.9450 = 9.8503, 

log- I cos I c cos |(^ + B) J = 9.0414 -f 9.6749 = 8.7163. 

Whence log- tan ^(A -f B) = 1.1340. 

180^ -I (A-\-B) = 85° 48', i(A + B)^ 94*» 12'. 

Therefore, ^ = 142^18', 5 = 46^6'. 

Also log sin ^ (^ - J3) = 9.8718. 

Therefore, log {sin ^ c sin |(^ - B) { = 9.7192 

log sin i(A^B)= 9.8718 

log sin ^ c = 9.8474 

^c = 44^44', c = 89°28'. 

Possibility of Solution by Inspection of Data. Before at- 
tempting the solution of a spherical triangle it may be 
desirable to determine whether the triangle is possible with 
the given data. 

Case 1. Given the three sides. The triangle is always 
possible if the sum of the sides is less than 360°, and if no 
one side is greater than the sum of the other two. This 
follows at once from well-known geometrical theorems. 

Case 2. Given the three angles. This case can be read- 
ily tested by the criteria of Case 1 applied to the polar 
triangle. For example, the triangle A = 78°, B = 100^, 
(7 = 160° is impossible because the sides of the polar tri- 
angle, a' = 102°, b' = 80°, c' = 20°, are such that a' > V + c'. 

Case 3, given two sides and the included angle, and Gate 
4, two angles and the included side, are always possible. 

Cases 5 and 6 have been discussed in Art. 82. 
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EXAMPLES 



/ 



1. 


a = 08° 26', 


14. 


a= 111° 20', 


27. 


A = 132°, 




b = ir IV, 




c = 41°30'. 




B = 139° 60', 




c = 66° 67'. 




C = 26° 10'. 




6 = 127° 10'. 


2. 


a = 100° 8', 


16. 


A = 169° 1', 


28. 


A = 79°, 




6 = 60° 2', 




C = 36°, 




jB = 40°, 




c = 60° 6'. 




a = 9° 6'. 




c = 108°. 


3. 


A = 61° 69', 


16. 


^ = 26° 20', 


29. 


a = 40°, 




5 = 83° 66', 




C = 163°30', 




6 = 118° 21', 




C = 68° 64'. 




a = 73° 33'. 




A = 29^ 26'. 


4. 


A = 142° 33', 


17. 


B = 142° 30', 


30. 


C = 148°, 




B = 27° 63', 




C = 71°20', 




jB = 22°20', 




C = 32°27'. 




c = 39° 36'. 




c = 136°. 


6. 


6 = 42° 10', 


18. 


^ = 110° 6', 


31. 


a = 114°, 




c = 96° 11', 




5 = 123° 20', 




c = 148°, 




A =110° 6'. 




6 = 126° 66'. 




C = 136° 7'. 


6. 


a = 146°, 


19. 


a = 69° 34', 


32. 


v1 = 73°, 




c = 69° 20', 




b = 136° 11', 




5 = 81° 60', 




B = 126° 10'. 




c = 160°2'. 




a = 122° 47'. 


7. 


a = 90° 60', 


20. 


a = 109° 24', 


33. 


5 = 61° 40', 




c = 117° 60', 




c = 81° 60', 




C = 140° 16', 




B = 120° 6'. 




^ = 107° 40'. 




c = 160°26'. 


8. 


B = 41° 6', 


21. 


a = 99° 60', 


34. 


a = 126° 16', 




C = 122° 10', 




c = 64° 10', 




6 = 161° 37', 




a = 37°. 




A = 96° 13'. 




c = 76° 66'. 


9. 


A = 136°, 


22. 


A = 36° 31', 


t/35. 


A =60° 40', 




C = 60° 60', 




B = 24° 43', 


C = 106°, 




6 = 68° 60'. 




C = 138° 26'. 




a = 64° 30'. 


10. 


/t=147°30', 


5J3. 


A = 31° 20', 


36. 


a = 66° 6', 




C=163°10', 


, 


C = 122° 40', 




c = 138° 5', 




6 =76° 26'. 


J 


6 = 40° 40'. 




A = 42° 28'. 


11. 


a = 29° 2', 




a =120° 45', 


37. 


B = 116° 6', 




6 = 14° 3', 




c = 70° 25', 




C = 73° 60', 




^ = 49° 6'. 




B = 60° 16'. 




c = 80°. 


12. 


b = 98°, 


1/ 25. 


^ = 120° 21', 


38. 


B = 134°, 




c = 36°. 




B = 130° 22', 




C = 61°, 




C = 168°. 




C = 140°7'. 




a = 70° 20'. 


13. 


a = 182°, 


26. 


c = 109° 20', 


39. 


b = 108°, 




6 = 66°, 


u- 


6 = 80° 20', 




c = 40°, 




A = 116° 18'. 




C = 106° 50'. 




C = 39°. 
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40. a = 58° 20', \y42. ^ = 70^5', 44. ^ = 116^ 
6 = 138° 6', B = 122°, B = 60°, 
c = 116° 3' . C = 95° 4'. C = 136°. 

41. a = 61°, 43. a; =60°,^' ' 45. a = 150°, 
c=97°, 6 = 120°, . 6 = 160°, 

B = 110°. c = 50°. B= 10". 

46. a = 112° SO', 47. ^ = 20° 30', 

6 = 108° 40', B = 32° 30', 

c=140°10'. C = 124°30'. 



CHAPTER XI 
THE EARTH AS A SPHERE 

84. Distances on the Earth. As we remarked in the intro- 
ductory chapter, plane trigonometry is sufficient for the 
survey of small areas. For larger areas and in navigation, 
except in the most refined work, the Earth is treated as a 
sphere and we make use of the principles of spherical trigo- 
nometry already enunciated. 

The shortest distance between two points on the Earth is 
the arc of a great circle joining them. If we know the 
number of degrees in that arc we can compute its length by 
the formula 8 = xr (Art. 47), where 8 is the length of arc, 
X the angle in circular measure, and r the radius of the 
sphere ; in this case 3960 miles, the radius of the Earth. 

Example. Find the length of an arc of 26"* on the Earth's 
surface. 



Therefore, 



26^ = ?|^ = ?;|^ radians. 
180 90 

«=i|^x3960 = i| . ??. 3960 = 1798 miles. 
90 90 7 



It is convenient to compute and remember the number of 
miles in one degree of arc for the purpose of finding lengths 

of ares. 

8 s= -— X 3960 = 69.1 miles, approximately. 
180 

85. Position and direction. The position of a point on the 
Earth is determined by its latitude and longitude; that is, 
by the number of degrees the point lies north or south of 
the equator, and the number of degrees east or west of a 

125 



126 
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great circle, through the Earth's axis, chosen as a reference 
line. We shall use the great circle, or meridian, through 
Greenwich. 

A point moving along a great circle of the Earth, unleaT 
that circle be a meridian or the equator, is constantly 
changing its direction, or course. For example. Fig. 36^/itc 
A the compass points north along ANf and a ship at"^ is 




Fig. 36. 

sailing, say, due west. When the ship has reached B the 
compass points north along J^^and the ship is sailing west 
30° south. On the other hand if a ship sailed constantly on 
a course, say, west 30° south it would move around the 
Earth in a spiral approaching continually nearer to the 
South Pole. 

• 
86. Bearings. To illustrate the use of spherical^ trigo- 
nometry in determining positions, directions, and distances 
on the Earth's surface, consider. Fig. 36, a ship sailing 
from C to ^ along the great circle CBA. The lines NGy 
JVB, NA, and ^6?^ are meridians, the last being the meridian 
of Greenwich. Suppose the latitude and longitude of C 
are 44° 40' N., 63° 35' W. ; of A, 63° 24' N., 3° 4' W. The 
longitude of Gy obviously, is 0°. The positions of the points 
C and A being thus known, let us find the directions (called 
bearings) of A from C and of G from Ay and the distanoe 
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from C to A, From the meaning of longitude we have 
GNA=zS°4.', Gi^C = 63°35', whence a = AZ^O = 60* 31'. 

Also, by the meaning of latitude, 
AN= 90°- 53** 24' = 36° 36' ; CN= 90° - 44° 40' = 45° 20'. 

We therefore have, in the spherical triangle CNA, CN = 
a = 45° 20', AN=i c = 36° 36' and the included angle a = 
60° 31', which is case 3 in the solution of spherical triangles. 
The data : 

^(a + c) = 40° 58', ^ (a - c) = 4° 22', ^ a = 30° 15.B'. 

log cos ^ (a - c) = 9.9987 log sin | (a - c) = 8.8816 

log cot ? = 0.2340 log cot " = 0.2340 

^ Ii 

logsec^(a + c) =0.1220 log esc j- (a + c) = 0.1834 

log tan |(^ + C) = 0.3547 log tan ^ (^ - C) = 9.2990 

^ (^ + C) = 66° 10' \{A- C) = 11° 16'. 

Whence A = 77° 26'. C = 54° 54'. 

Therefore the bearings of C from A are N. 77° 26' W. ; of 
A from (7, N. 54° 54' E. 

To find tiie side CA = a; we have 

log sin |(^ + C) = 9.9613 

log tan ^ (a - c) = 8.8829 

log CSC I (^-C7) = 0.7092 

log tan I = 9.5534 
i a? = 19** 47.5', X = 39° 35'. 

Therefore length CA = 39.6° x 69.1 miles = 2736 miles. 

If only the distance sailed is required it is simpler to use 
the law of ooediies. Thus, cos a; = cos c cos a + sin c sin a 
cos a. 
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/ 



log cos c = 9.9046 log sin/= 9.7754 

log cos a = 9.8469 log sin a = 9.8520 

9.7515 log cos a = 9.6921 

number = .5643 9.3196 

.2087 number = .2087 

cos X = 0.7730, 
X = 39*^ 23' 

and the distance = 39.4° x 69.1 = 2723 miles. 

87. The course of the ship at C would be N. 54* 64' E. To 
show how the ship's course changes as it sails along CA let 
us find the course as the ship crosses the meridian 38® W. at 
the point B, Fig. 35. In the triangle NCB we have b=sCN 
= 45* 20', C = NCB = 54° 54', ^V= CNB = 63* 35' - 38* 
= 25* 35' ; that is, two angles and the included side. 

^ (C + ^) = 40° 14.5', ^ (C - ^) = 14° 39.5', 1 6 = 22^ 40'. 

log cos |(C - N) = 9.9856 log sin |((7 - iV^ = 9.4033 

log tan ^ 6 = 9.6208 log tan 1 6 = 9.6208 

logsec^(C+^Y) = 0.1173 log esc ^(C + JT) = 0.1897 

log tan ^ (c + n) = 9.7237 log "tan | (c - n) = 9.2138 

|(c + 71) = 27* 53.5' ^ (c - 7i) = 9* 17.5'. 

Whence c^BN= 37* 11', n = C5 = 18* 36'. 

The latitude of B is 90* -BN = 52* 49' N., and the dis- 
tance sailed is 

GB = 18.6* X 69.1 mUes = 1285 miles. 

To find the angle B = CBN we have 

log sin ^ (c + n) = 9.6700 

log tan ^(C-iNr) = 9.4176 

log CSC 4- (c - n) = 0.7919 

log cot ^ 5 = 9.8795 

J 5 = 52* 51', B = 105° 42', and NBA = 180* - B = 74** 18'. 

Therefore the ship's course at B (the bearing of ^ from 
B) is N. 74* 18' E. 



XI, §88] THE EARTH AS A SPHERE 129 

88. The Area of a Spherical Triangle may be found as fol- 
lows: The theorem has been proved that the area of a 
spherical triangle is equal to its spherical excess (the excess 
of the sum of its angles over two right angles) times the 
area of the tri-rectangular triangle; it being understood 
that the right angle is the unit of angles. Thus, using A to 
represent the area of a triangle whose angles (in degrees) 
are A^ B, and (7; and noting that the tri-rectangular triangle 
is one eighth of the surface of the sphere ; we have 

A±Bj±jOj^-m^ 4irra^ (^-f ^-K7-180)Tra 
90** ' 8 180^ 

Example. Given A = 106^ B = 80% C = 95% and taking 
r = 3960 miles, the radius of the earth, 

^ ^ (105- + 80° + 95" ^ 180-) ^^3^^), ^ 5 ir(3960)» 

log 5 = 0.6990 

log IT = 0.4971 
2 log r = 7.1954 
colog 9 = 9.0458 - 10 

log A = 7.4373 
and A = 27,370,000 square miles. 



TABLE OF LATITUDE AND LONGITUDE 

Baltimore 39** 17' N., 76** 37' W. 

Boston 42**21'N., 71** 4' W. 

Chicago 41**63'N., 87**38'W. 

Gretowich 6r29'N., 0** W. 

Hcmolulu 21**18'N., 167** 66' W. 

Liverpool 63**24'N., 3**4'W. 

New York 40** 48' N., 74** W. 

Pemambuoo 8** S., 34** W. 

Rio de Janeiro 22** 64' S., 43** 10' W. 

Ban Tnneisco 37**48'K, 122** 24' W. 

Washington 38**64'N., 77** 3' W, 
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EXAMPLES 

In the following problems assume that one can travel directly 
along the arc of a great circle between the points named. 

1. A ship sails from Baltimore to Boston. Find the course d the 
ship as she leaves Baltimore, her course as she crosses the meridian of 
New York, and the entire distance she sails. What are the bearings 
of Baltimore from Boston, and of Boston from Baltimore ? 

2. Find the course at Liverpool, the course at 66® W. , and the 
total distance sailed by a ship going from Liverpool to New York. 
What are the bearings of these cities from each other ? 

3. A ship sails from Baltimore to Rio de Janeiro. She sails first 
to a point off Pernambuco in latitude 8° S., longitude 84° W., and 
from there to Rio. How far does she sail, and what is her course off 
Pernambuco ? 

NoTB. In the Southern Hemisphere latitudes are taken as algebra- 
ically negative. Use the north-polar distances of places as sides in 
solving triangles. 

4. In problem 3 what course will the ship be sailing after she has 
gone 1000 miles? What will be her latitude and longitude at that 
point? 

5. How far is the Washington Observatory from the Greenwich 
Observatory ? What are the bearings of the two observatories from 
each other ? 

6. A ship sails from Boston on a course East 12^ South. At what 
distance would she be sailing due East ? What are her latitude and 
longitude at that instant ? 

7. A ship sails northwest from San Francisco. What would be 
the highest latitude she would reach? What would be the ship^s 
longitude at that instant ? 

8. Find the number of square miles in the triangle whose vertices 
are Baltimore, Boston, and Chicago. 

9. A ship sails from Honolulu to San Francisco. Find the entire 
distance sailed, and the course of the ship when she has gone halfway. 

10. An aeroplane sails from Washington to Chicago along a great 
circle arc one mile above the surface of the Earth. In what time is 
the flight made at a rate of 76 miles per hour ? 
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11. Find the number of square miles in the triangle whose vertices 
are Baltimore, New York, and Chicago. 

12. Find the face and edge angles of a regular triangular pyramid. 

13. What is the latitude of three points on the Earth equally dis- 
tant from each other and from the North pole ? 

14. Each face of a triangular pyramid is a triangle whose sides are 
3, 4, and 6 respectively. Find the face and edge angles of the pyramid. 



1. bzz^SiO 

4. 6 = 478 
a =154 

7. 70.7 ft. 

12. 99.6 ft. 



ANSWERS 

CHAPTER m 

Art. 28 

2. ^ = 48°6 
c=54.9 

5. a =713 
c = 823 

8. 71.2 ft. 9. 60° 10' 



8. ^ = 51° 47' 
6= .433 

6. 6 = 96.4 
c = 232 

10. 260 ft. 11. 212 ft. 



13. 48° 36' 14. Heights equal. 



8. 1.912 
17. 100 



Art. 35 

9. -.874 14. c2 15. 10«+» 16. e^ 

20. 21. 22. 1 23. Impossible. 

25 2(log,a-log,6) g^ (a -6)^' J^T. 29. .6931 
a— -S— 

30. 1.099 31. 1.386 32. .2312 33. 1.029 34. -.3088 
35. 4.408 36. 238.2 37. - 358300 38. .07212 39. Impossible. 
40. -312.1 41. -1747 42. 57090 43. .00003162 

44. .03728 45. 100 46. 3.241 47. .001347 48. 1142 
49. 2448 

SOLUTIONS OF RIGHT TRIANGLES 



1. 


a = .04691 


2. 


a = 2316 


3. 


6 = 24850 




c = .05151 




6 = 3402 




c = 86100 




£:=. 0004988 




B:= 3,941,000 




Jr= 325,400,000 


4. 


^ = 58° 10' 


5. 


a = 578.8 


6. 


a = .00883 




6 = 48.04 




c = 2491 




6 = .003607 




£=1859 




Jr= 701,000 




£:=. 00001593 


7. 


u4 = 63°48' 


8. 


a =.6441 


9. 


^ = 43° 24' 




c = .4694 


^ 


c = .6503 




6 = .8966 




jr=. 04364 




jr=. 02879 
133 




£^=.3801 
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10. a = .003846 
b = .006723 
£:= .00001293 

13. ^ = 79° 28' 
a = 842 
K = 66,900 
a = .0003899 
6 = .0006772 



16. 



11. b = 6091 
c = 6268 
K = 8,444,000 

14. 6 = 63,840 
c = 92,280 
£:= 2,128,000,000 

18. 



12. 6 = 99.43 
c = 166.8 
£:=6030 

16. a = .000006737 
c = .00002118 

£:= .0000000000686 
a = 18.69 
b = 80.61 

K= 288.7 



22. 24.7 mi. and 29.6 mL 
25. 648 ft. 26. 14.7 in. 



17. ^ = 27° 17' 
a = 4.262 
X= .000,000,1321 K= 17.63 

19. 6 = 24,640 20. ^ = 43° 46' 
c = 30,010 c = 6280 

jK:= 211,900,000 jK:= 6,970,000 

21. First steeper by 64'. 

23. Team by 16 seconds. 24. 3° 26' 

27. 9 hr. 28 min. a.m. or 2 hr. 32 min. p.m. 

28. Reduced by 10.1 ft. 29. Buoy farther by 1133 ft. 

30. Increase in altitude 261.4 ft. 31. 8° 46'. 32. 1 ft. shorter. 

33. 1676 mi. 34. 67° 43' N. or S. 35. N. 68° 16' E. 16 mL 

36. E. 62° 46' N. 7.29 mi. per hour. 

37. 112.6 mi. 38. E. 80° N. or S. 4.33 mi. 39. 127.9 mm. 
40. 166.1 ft. 41. 74.17 yd. 



5. 



9. 



9±4y/7 
20 

±y/2 
10 



6. 



10. 



CHAPTER IV 
Art. 40 

1 J:2V30 
12 

±TV2 
10 

Art. 41 



7. 



4. 


-» 


5. - 


i_ *^ 


6 


7. 


One value, 

• 


46° 




8. ±V»0 
Art. 44 


1. 


4\/2 
9 


2. 


I 


3. ±*f 


5. 


^ V2±l 


6. 


±(8±2v^) 



±V2 



±V2 



6. 



±32a/2±9\/16 



9. Two values, ±90° 



4. ± 



v^±l 



V6 
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CHAPTER V 



Art. 47 
18. Minute hand, ir 19. ^ 20. — 



6 



20 



21. 



Hour hand, — 
' 12 



20 n 
9 



5 — 
23. — radians per second. 
3 



22. 14 ir 



26. 6934 mi. 



24. 191 revolutions per minute. 
26. 1978 V2 mi. 27. .036 in. 28. 6.7 ft. 





• 


Art. 49 




17. 


V2 + \/6 
4 


18. ^-^2 1^ 
4 

CHAPTER VI 


-f 20. 
3 


1. 


6 = 986 


2. ^ = 19° 


3. ^ = 18^89' 




c = 644.3 


C = 62° 


B = 26° 62' 




.K:= 193,000 


c = 8.19 


c = 673.9 






iC=13.1 


Jr= 46,990 


4. 


^ = 49°8' 


6, A= 100° 36' or 10° 21' 




5 = 69^ 18' 


C = 44° 63 


» 136° 7' 




C = 71° 36' 


a = 67.02 


12.26 




K = 1706 


^ = 914 


167.1 


6. 


a = 6184 


7. J5 = 49°8', 


8. ^ = 37° 68' 




6 = 2937 


C = 69° 19' 


B = 66' 42' 




K = 7,610,000 


a = 70.48 


a = 179.9 






B:=1703 


jr= 23,370 


9. 


a = 6.64 


10. J5 = 23°29' 


11. ^ = 43° 49' 




c = 3.96 


C = 22° 67' 


C = 61° 28' 




E:= 12.21 


6 = 3024 


c = .4692 






£:= 3,243,000 


iC=.0802 


12. 


^ = 94*^ 16' 


13. No solution. 


14. 6 = .01292 




B = 64° 36' 




c = .002861 




C = 31°8' 




H = .00000826 




jr= .0002699 






16. 


^ = 26° 19' 


16. 6 = .0186 


17. J5 = 90° 




C=109°6' 


^ = 64° 40' 

t 


c = 69.89 




c = 67.14 


C = 94° 13' 


£^=966 




Jr=742 


£:= .000002694 





36 
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18. 


A = 46° 28' or 


188° 37' 19. 


B = 22°87» 




C = 102° 30' 


16° 16' 


0=127^28' 




c = 8780 


2364 


a = .5508 




?r= 14,600,000 


3,988,000 

• 


£^=.0958 


20. 


A = 134° 22' 


21. ^ = 67° 41' 






B = 18° 42' 


= 88° 49' 






C = 26° 66' 


a =.02461 






Jr= 4.622- 


Jr= .0002238 




22. 


88,695 sq. ft. 


23. 16 ft. 24. 85.6 ft. 


26. 428 ft. 


26. 


Width 74.6 ft. ; 


height above stream, 14 ft. 


27. 472 ft. 


28. 


17.1 ft. 


29. 109 ft. 30. 61.93 and 58.81 ft 


31. 


A = 61° 43' 


J5 = 80°7' C = 38°10' 


c = 5.20 


St, 


B = 63° 26' 


a = 46.45 ft. c.= 52.48 ft. 


33. 


11,820 and 7082. 


34. 8997 sq.ft. 35. 


u4 = 7°5'; no. 


36. 


21.7 mi. 


37. 9° 17' with the surface of the water. 



38. 83.5 ft. 39. 40 ft. 40. Second yacht l^y 1 min. 12 sec 

41. At 82° 83' with shore on the side towards the ^ angle. 

42. A-C-B by ^ 660. 43. ^C = 162.1 it ^ BC = 319.4 ft 
44. 441ft. 45. 886.9 ft 



1. nir 



nw , IT 
2 6 

4. 2 nir + cos"i 



CHAPTER Vn 



2. nir ± - 
4 



2nir±^ 
8 



2T6V83 
37 



7. 2nir-- 
2 

2 nir , X 



8. nir + — 
4 

nir . IT 

2 8 



10. 2nir±cos-i(l±g^). 



8. 2nir±- 
2 



5. 2nir±- 
2 



6. nr 

2 nir + cos-i J 

9. nir+(-)*sin-i(:i^^=^) 



2n,i| 



11. mr. 



12. nir ± ^ 
4 

2 nir 



(2n + l)| 



13. 


4 




Tlir , IT 
8 12 


16. 


2n,±| 




2«,±2- 


19. 


nr +(-)»• 8 


21. 


^='M 




v = i.f 


24. 


^=';"+i 




y = ±a>/2 
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14. VE 16. »»+|±^ 



n. — +- 18.. nir + tan-4 



-4 20. 2nir±H:, nr±tan-i^ 

2 2 

22. tf = 2 nr ± - 23. ^ = nir, 2nr ± - 

2 8 

r = 2 r = 0, ±i^ 

25, x= i{nr +(—)»» sin-4} 

y = ^ -^ neven 

6 

y = ± — ; — , n oda 
5 

2 8 4 2 ^ "^ 12 

r = ±^ ''=±^ y=±V2 

29. aj=i^2L±|i2!^Z« 30. ^=uir±^ 31. tf=H:, r=0, neven 

y=iC08| r=±^ ^=H,r=± 1 nodd 

-6 2 4 ^ 



nir 



32. ^ = nir+^ 33. ^ = ^±iL 34. aVr=T« + 6 VH^^ 

r = i2v^ r=±2V2 

36. ±^ 36. ±4V5 37. i^^ 88. 1 or - 4 

14 2 

39. 0, ±V3 40. ±1 41. ±V8, ±^ 42. -lor J 

43. 0, j^ 44. ^, -^ 46. 0. 46. ^ 

24 2 6* 2 

47. aJ=-|: 48. ^ = ^, ^ 49. x = lan-if:^^-!^ 

8 2' 6 ^ \ 2 J 

y = 2jV2 , = 0, «^ V2V6-2 

2 '2 *^ 2 



18 


• 
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50. 


. Si- 
rs am ^^ 

8 


"15 

CHAPTER IX 


52. 


,2-3>/6 
10 


1. 


B = 68° 30' 


6 = 36° 69' 




c = 48^33' 




121° 30' 


144°!' 




136° 27' 


2. 


A = 30° 63' 


a = 30° 13' 




c = 78« 36' 




149° V 


149° 47' 




101^ 26' 


3. 


^ = 48° 11' 


a = 44° 29' 




c = 109° 62' 




131° 49' 


136° 31' 




70° 8' 


4. 


/I = 83° 39' 


5. ^=169° 39' 


6. 


A = 147° 34' 




B = 127° 20' 


B = 104° 14' 




5 = 66° 3' 




a = 82^ 1' 


6 = 136° 




a = 167° 26' 


7. 


^ = 27° 


8. ^ = 81° 29' 


9. 


A = 139° 6' 




B = 73° 


B = 131° 60' 




B = 110° 57' 




c = 63° 8' 


c = 97° 42' 




c = 63° 47' 


10. 


a = 49° 26' 


11. a = 147° 37' 


12. 


a = 63° 46' 




6 = 43° 68' 


b = 136° 32' 




6 = 163° 17' 




c = 62° 6' 


c = 62° 11' 




c = 121° 63' 


13. 


a = 7° 69' 


14. a = 49° 11' 


15. 


a = 129° 30' 




6 = 21° 68' 


6 = 100° 




6 = 166° 60^ 




B = 70° 69' 


A = 49° 37' 




B = 163° 8' 


16. 


A = 30° 47' 


17. ^ = 126° 63' 


18. 


a = 141° 47' 




b = 11° 36' 


6 =32° 29' 




c = 140° 37' 




c = 13° 26' 


c = 183° 18' 




B = leP 26' 


19. 


B = 10° 23' 


6 = 6° 16' 




c = 142° 41' 




169° 37' 


173° 44' 




37° 19' 


20. 


A = 170° 60' 


21. ^ = 25° 6' 


22. 


a = 66° 12' 




B = 84° 46' 


B = 114° 38' 




6 = 146° 25' 




6 = 66° 1' 


c = 168° 23' 




c = 109° 39' 


23. 


a = 142° 40' 
b = 78° 7' 
A = 142° 3' 


24. Jl = 28°19'' 
6 = 110° 69' 
c = 108° 39' 






25. 


6 = 33° 37' 


c = 101° 




J5 = 34°20' 




146° 23' 


79° 




145° 40' 


26. 


A = 74° 12' 


27. Jl = 68°ll' 


28. 


a = 161° 82' 




B = 167° 47' 


B = 39° 43' 




6 = 129° 67' 




a =43° 67' 


c = 61° 11' 




c = 62° 28' 
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29. a = 168° 30' 30. A = 124° 32' 

6 = 130° 29' 6 = 16° 48' 

B = 99° 40' c = 151° 67' 

31. 6 = 20° 23' B = 10° 36' C = 148° 10' 

169° 37' 169° 25' 81° 50' 

32. ^ = 141° 32' 33. ^ = 163° 16' 34. a = 124° 38' 
G = 111° 46' B = 19° 66' 6 = 46° 49' 
6 = 108° 29' a = 138° 36' J5 = 33° 43' 

35. B = 23°26' C = 30° 61' 6 = 50° 50' 

156° 34' 149° 9' 129° 10' 

36. B = 12°7' 
C = 139° 6' 
a = 76° 40' 

CHAPTER X 

(^1. ^ = 76° 2. ^ = 138° 18' 3. a = 38° 2' 

B = 81° B = 31° 12' 6 = 61° 2' 

C = 61° C = 36° 62' c = 42° 2' 

4. a = 101° 2' 5. B = 41°32' 6. ^ = 145° 23' 

6 = 49° C = 79° 2' C = 108° 3' 

c = 60° a = 108° 10' 6 = 126° 24' 

7. ^ = 106° 67' 8. 6 = 47° 49' 9. a = 120° 26' 

C = 121° 46' c = 72° 37' c = 71° 1' 

6 = 116° 66' A = 32° 16' B = 49° 62' 

10. a = 124° 67' 11. B = 22°13' 1/12. No solution 

c = 163° 47' C = 112° 8' ^ 
B = 140°26' c = 36°30' 

13. B = 90° 14. ^ = 36° 42' B = 160° 32' 6 = 148° 44' 

0=138° 32' 143° 18' 38° 62' 78° 
c = 146^ 42' 

15. No solution 16. c = 90° 17. a = 138° 84' 

h = 18° 15' 6 = 155° 60' 

J5 = 8° 2' A- 100° 16' 

18. a = 63° 59' c = 156° 10' C=155°2' 

116° 1' 72° 54' 87° 36' 

19. u4=110°4' 20. 6 = 115° 19' \/'21. J5 = 96°16' 
J5=131°2' -8=114° 2' C = 65°14' 
C = 147°2' C=90° 6 = 99° 52' 
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22. a = 



26. a== 



a 
b 
c 
a 
b 
c 
a 



27. a = 

28. C = 
a 
b 

29. ^ 

30. ^ 

a 
b 

33. ^ 

34. A 
B 
C 

37. ^ 
a 
b 

39. a 

40. A 
B 
C 



61° 2' 
80° 2' 
92° 2' 
90° 68' 
118° 
132° 2' 
66° 40' 
113° 20' 
109° 68' 
96° 42' 
40° 34' 
42° 16' 
187° 46' 
44° 64' 
112° 14' 
29° 68' 
89° 86' 
26° 48' 
142° 
169° 
138° 
72° 64' 
78° 80' 
112° 67' 
129° 44' 
96° 40' 
70° 44' 
182° 12' 
94° 64' 
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23. B 

a 
c 

26. a 

A 
B 
c 



87° 30' 
88° 49' 
64° 16' 
120° 29' 
119° 3' 
90° 

160° 6^ 
102° 2' 



C=160°10' 
49° 60' 
31. No solution. 



a = 



38. ^ = 



188° 64' 
26° 28' 
v/ 36. 5 = 68° 6' 
61° 31' 
90° 

61" 16' 
119° 47' 
69'^ 41' 
181° 8' 
76° 68' 
110° 60' 
61° 86' 
86° 27' 



B 

b 
c 

A 
b 
c 

A 

41. 6 
A 
C 




67° 87' 
26° 17'/ 



i^ 



C = 



164° 88' 
127° 42' 



c = 168°88' 
89° 66' 
32. No solutioa 



6 = 



36. b 
B 
O 



42° 48' 
187° 12' 
96° 24' 
64° 64' 
146° 38' 



B=z 



\/ 42. a 

b 



c = 



68° 86' 
111° 24' 

62° 42'. 
126° 44' 
109° 42' 



CHAPTER XI 

1. Course at Baltimore : E. 37° 66' N. 

Course at meridian of New York : E. 36° 14' N. 
Bearings Boston from Baltimore : E. 37° 66' N. 
Bearings Baltimore from Boston : W. 84° 17' S. 
Distance sailed : 869 mi. 

2. Course at Liverpool : W. 14° 61' N. 
Course at 66° W. : W. 26° 66' S. 

Bearings New York from Liverpool : W. 14° 61' N. 
Bearings Liverpool from New York : E. 40° 31' N. 
Distance sailed : 8803 mi. 
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3. Course at Pemambuco : S. 36° 36^ E. arriyes. 
Course at Pemambuco : S. 29"^ S3' W. departs. 
Distance sailed : 6141 mi. 

4. Course : S. 42** 32' E. 
Position : 29** 12' N., 64'' 1' W. 

5. Bearings Greenwich from Washington : E. 40° 41' N. 
Bearings Washington from Greenwich : W. 18° 33' N. 
Distance : 3669 mi. 

6. Distance : 11,550 mi. 
Position : 43° 42' S., 91° 25' E. 

7. Position : 56° 2' N., 153° 54' W. 

8. 117,700 sq. mi. v 

9. Distance : 2398 mi. 
Course : E. 29° 6' N. 

10. 8 hours, nearly. 11. 35,580 sq. mL 

12. Face angle, 60° ; edge angle, 70° 32'. 

13. 19°28'S. 

14. Face : 36° 52', 53° 8', 90°. 
Edge : 180°, 0°, 0°. 
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EXPLANATION OF THE TABLES* 

TABLE I. FIVE-PLACK COMMON LOGARITHMS OF 

NUMBERS FROM 1 TO 10 000 



1 . Powers of 10. Consider the following table of values of powers of 10: 



('OLUMN A 




Column B 

10 
100 


COLIMX A 





Column B 


101 


=r 


10-1 

10-2 

1 


1. 
.1 
.01 
.001 


102 


:zz 


108 


zr. 


ipoo 
lopoo 


10* 


^ 


10-8 . 

10-* 

10-6 
10-6 


106 


^ 


loopoo 
ipoqpoo 


^ 


.0001 


106 


= 


^^ 


.00001 


107 


z=. 


lOpOQpOO 


.000001 


108 


=: 


lOOPOQpOO 


10-7 


z=. 


.0000001 


109 


it: 


l.OOOOOQQOO 


10-8 


= 


.00000001 


low 


■:=. 


loooopoopoo 


10-9 


^ 


.000000001 



This table may be used for multiplying or dividing powers of 10, by 
means of the rules 10« • 10* = 10«+*, 10« -=- 10* = 10«-*. Thus, to multiply 
1000 by 100,000, add the exponent of 10 in column ^opposite 1000 to the 
exponent of 10 opposite 100,000 : 3+5=8; and look for the number in 
column B opposite 108, ^-.g. 100,000,000. Similarly 1,000,000 x .0001 = 100, 
since 6 + (— 4) = 2. 

To divide 1,000,000 by 100, from the exponent of 10 opposite 1,000,000 
subtract the exponent of 10 opposite 100 ; 6 — 2=4; and look for the 
number opposite 10*, i.e. 10,000. Similarly .001 -h 1,000,000 =.000000001, 
since — 3 — 6 = — 9. To find the 4th power of 100, multiply the exponent 
of 10 opposite 100 by 4 : 4x2 = 8, and look for the number opposite 10^, 
i.e. 100,000,000. Likewise (.001)8 = .000000001, since 3 x (- 3) =- 9. 
To find the cube root of 1,000,000,000, divide the exponent of 10 opposite 
1,000,000,000 by 3, 9-^-3 = 3, and look for the number opposite 108. 



* This Explanation, written to accompany the flve-phice tables, may be used also for the 
four-place tables by omitting the last figure in each example in a manner obvious to the 
teacher. 
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EXPLANATION OF THE TABLES 
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2. Common Logarithms. The exponent of 10 in any royr of column A 
is called the common logarithm* of the number opposite in column B; 
thus log 10 = 1, log 100 = 2, log 1000 = 3, etc. ; log 1 = 0, log .1 =— 1 ; 
log .01 =—2, log .001 =— 3, etc. In general, if 10* = n, Z is called the 
common logarithm of n, and is denoted by log n. 

3. Fundamental Principles. Logarithms are useful in reducing the 
labor of performing a series of operations of multiplication, division, 
raising to powers, extracting roots, as above ; they have no necessary 
connection with trigonometry, since all the operations could be performed 
without them ; but they are a great labor-saving device in arithmetical 
computations. They do not apply to addition and subtraction. 

The principles of their application are stated as follows : 

I. TTie logarithm of a product is equal to the sum of the logarithms of 
the factors : log ab = log a + log b. This follows from the fact that if 
10' = a and 10^ = b, 10*+^ = a»b. In brief : to multiply^ add logarithms. 

II. The logarithm of a fraction is equal to thp difference obtained by 
subtracting the logarithm of the denominator from the logarithm of the 
numerator : log (a/6) = log a — log b. For, if 10' = a and 10^ — 6, then 
IQi-L — f^_^i, Ij^ brief :• to divide, subtract logarithms, 

III. The logarithm of a power is equal to the logarithm of the base 
multiplied by the exponent of the power : log a* = 6 log a. This follows 
from the fact ihat if W - a. then 10» = a^ 

IV. The logarithm of a root of a number is found by dividing the loga- 
rithm of the numhor by the index of the root : log V« .. = (log a)/b. This 
follov/s from the fact that if 10' = a, then lOV^ = a^/^ = y/a. 

Corollary of II. The logarithm of the reciprocal of a number is the 
negative of the logarithm of the number: log (l/a) = — log a, since 
log 1=0. 

4. Characteristic and Mantissa. It is shown in algebra that every 
real positive number has a real common logarithm, and that if a and 6 
^e any two real positive numbers such that a < 6, then log a < log 6. 

^Neither zero nor any negative number has a real logarithm. 

An inspection of the following table, which is a restatement of a part 



a 


1 


10 


100 


1000 


10000 


100000 


1000000 


10000000 


log a 





1 


2 


3 


4 


5 


6 


7 



♦ Common loj^aritUms are exponents of the base 10 ; other systxmis of logarithms have 
baseH different from 10 ; Napiei-ian logarithms (see Table VI I, p. 112) have a base denoted by 
6, an irrational number whose value is approximately 2.71828. When it is necessary to call 
attention to the base, the expression logjo ^' ^^'ill mean common lojrarithm of n ; loge » wffl 
mean the Napierian logarithm, etc. ; but in this book log n denotes logio^ unless otherwise 
explicitly stated 
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COMMON LOGARITHMS 



VD 



of the table of § 1, p. v, shows that 
the logarithm of every number between 1 and 10 is a proper fraction, 
the logarithm of every number between 10 and 100 is 1 -h a fraction, 
the logarithm of every number between 100 and 1000 is 2 + a fraction ; 
and so on. It is evident that the logarithm of every number (not an 
exact power of 10) consists of a whole number -|- a fraction (usually 
written as a decimal). The whole number is called the characteristic; 
the decimal is called the mantissa. The characteristic of the logarithm 
of any number greater than 1 may be determined as follows : 

Rule I. The characteristic of any number greater than 1 is one less 
than the number of digits before the decimal point. 
The following table, which is taken from § 1, p. v, shows that 



a 


.0000001 


.000001 


.00001 


.0001 


.001 


.01 


.1 


1 


log a 


-7 


-0 


—5 


-4 


-3 


-2 


- 1 






the logarithm of every number between .1 and 1 is — 1 + a fraction, 
the logarithm of every number between .01 and .1 is — 2 + a fraction, 
the logarithm of every number between .001 and .01 is — 3 + a fraction ; 
and so on. 

Thus the characteristic of every number between and 1 is a negative 
whole number ; there is a great practical advantage, however, in comput- 
ing, to write these characteristics as follows : — 1 = 9 — 10, — 2 = 8 — 10, 
— 3 = 7 — 10, etc. E.g. the logarithm of .662 is - 1 -f .74974, but this 
should be written 9.74974 — 10 ; and similarly for all numbers less than 1. 
Rule II. The characteristic of a number less than 1 is found by sub- 
tracting from 9 the nmnber of ci])hers between the decimal point and the 
first significant digits and writing — 10 after the result. 

Thus, the characteristic of log 845 is 2 by Rule I ; the characteristic of 
log 84.6 is 1 by (I) ; of log 8.46 is by (I) ; of log .846 is 9 - 10 by (II) ; 
of log. 0846 is 8 - 10 by (II). 

An important consequence of wh.it precedes is the following : 
To move the decimal point in a given number one place to the right is 
equivalent to adding one unit to its logarithm, because this is equivalent 
to multiplying the given immber by 10. Likewise, to move the decimal 
point one place to the left is equivalent to subtracting one unit from the 
logarithm. Hence, moving the decimal point any number of places to 
the right or left does not change the mantissa but only the characteristic* 
Thus, 6346, 5,346, 634.6, .06346, 634600 all have the same mantissa. 



* Another rule for finding the characteristic, based on this property, is often useflil : 
if the decimal point were jast after the first sii^nificant figure, tlio characteristic would be 
zero ; start at this point and connt the dibits passed over to the left or right to the actaal 
decimal point ; the number obtained is the characteristic, except for sign ; the sign is nega- 
tive if the movement was to the left, positive if the movement was to the right. 
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5. Use of the Table. To use logarithms in computation we need a 
table arranged so as to enable us to find, witli as little effort and time as 
possible, the logarithms of given numbers and, vice versa, to find numbers 
when their logarithms are known. Since the characteristics may be 
found by means of Kules I and II, p. vii, only mantissas are given. This 
is done in Table I. Most of the numbers in this table are irrational, and 
must be represented in the decimal system by approximations. A flve- 
place table is one whicli gives the values correct to five places of decimals. 

Problem 1. To find the logarithm of a given number. First, deter- 
mine the characteristic, then look in the table for the mantissa. 

To find the mantissa in the table when the given number (neglecting 
the decimal point) consists of four, or less, digits (exclusive of ciphers at 
the beginning or end), look in the column marked iVfor the first three 
digits and select the column headed by the fourth digit : the mantissa 
will be found at the intersection of this row and this column. Thus to 
find the logarithm of 72050, observe first (Rule I) that the characteristic 
is 4. To find the mantissa, fix attention on the digits 7206 ; find 720 in 
column iV, and opposite it in column 5 is the desired mantissa, .86763 ; 
hence log 72050 = 4.85763. The mantissa of .007826 is found opposite 
782 in column 6 and is .80354 ; hence log .007826 = 7.89354 - 10. 

6- Interpolation. If there are more than four significant figures in the 
given number, its mantissa is not printed in the table ; but it can be 
found approximately by assuming that the mantissa varies as the number 
varies in the small interval not tabulated ; while this assumption is not 
strictly correct, it is suflBciently accurate for use with this table. 

Thus, to find the logarithm of 72054 we observe that log 72050 = 4.85763 
and that log 72060 = 4.85769. Hence a change of 10 in the number causes 
a change of .00006 in the mantissa ; we assume therefore that a change of 
4 in the number will cause, approximately, a change of .4 x .00006 
= .00002 (dropping the sixth place) in the mantissa ; and we write 
log 72064 = 4.85763 + .00002 = 4.85765. 

The difference between two successive values printed in the table is 
called a tabular difference (.00006, above). The proportional part bf 
this difference to be added to one of the tabular values is called the cor- 
rection (.000002, above), and is found by multiplying the tabular difference^ 
by the appropriate fraction (.4, above). These proportional parts are 
usually written without the zeros, and are printed at the right-hand side 
of each page, to be used when mental multiplications seem uncertain. 

Example 1. Find the logarithm of .0012647. Opposite 126 in column 4 find .10176; 
the tabular difference is 84 (zeros dropped) ; .7 x 84 is given in the marg^in as 24 ; this cor- 
recdon added gives .10199 as the mantissa of .0012647 ; hence log .0012647 » 7.10199 - 10. 

Example 2. Find the logarithm of 1.8.5648. Opposite 185 in column 6 find .26858; 
tabular difference 28 ; .48x28 is given in the margin as 10; this correction added gives 
.26868 as the mantissa of 1.85648 ; hence log 1.85643 «= 0.26868. 



§8] COMMON LOGARITHMS ix 

7. Reverse Reading of the Table. Problem 2. To find the number 
when its logarithm is known. First, fixing attention on the mantissa only, 
find from the table the number having this mantissa, then place the 
decimal point by means of the two following rules : * 

Rule III. If the characteristic of the logarithm is positive (in which 
case the mantissa is not followed by — 10) y begin at the left^ count digits 
one more than the characteristic^ and place the decimal point to the right oj 
the last digit counted. 

Rule IV. If the characteristic is negative (in lohic.h case the mantissa 
will be preceded by a number n and followed by — 101;)^ prefix 9—n 
ciphers^ and place the decimal point to the left of these ciphers. 

ExnmpU 1. Oiven log a? = 1.22787, to find a?. 

Since the mantiHsa is 22737, we look for 22 in the first column and to the right and below 
for 737, which we find in column 8 opposite 168. The number is therefore 1688. Since the 
characteristic is + 1, we begin at the left, count 2 places, and place the point ; hence 
X = 16.88. 

Ev<impl6 2. Given log x — 2.24912, to find a). 

This mantissa is not found in the table; in such cases wo interpolate as follows: select 
the mantissa in the table next less than the griven mantissa, and write down the corre- 
sponding number; here, 1774; the tabular difference is 25 ; the actual difference (found by 
subtracting the mantissa of 1774 from the given mantissa) is 17 ; hence the proportionality 
factor is 17/25 ■■ .68 or .7 (to the nearest tenth). Since moving the decimal point does not 
aflFect the mantissa, it follows that the digits in the required number are 17747 (to five places). 
The characteristic 2 directs to count 8 places from the left ; hence x = 177.47. 

Rule. In general^ when the given mantissa is not found in the table, • 
write down four digits of the number corresponding to the mantissa in the 
table next less than the given mantissa^ determine a fifth figure by dividing 
the actual difference by the tabular difference, atid locate the decimal point 
by means of the characteristic. 

8. Illustrations of the Use of Logarithms in Computation. 

maampU 1. To find 882.48 X 802.48 X 16.725 X .000178. 

log 882.48 ==< 2.92084 

log 802.48 » 2.48062 

log 16.725 = 1.22887 

log .000178 = 6.25042 - 10 (add) 

log 05 — 2.87475 whence 05 =» 749.47. 

Eaoampl6 2, To find 461.29-^21.4. 

log 461.29 » 2.66897 
log 21.4 = 1.8.3041 (subtract) 

log 05 =» 1.88856 whence o* = 21 .656. 



* Another convenient form of these rules is as follows : if the characteristic were zero, 
the decimal point would fall just after the first significant figure ; move the decimal point 
one place to the right for each positive unit in the characteristic, one place to the left for 
each negatif^e unit in the characteristic. 

t In rare ?ft8§9 - 20, - 80, etc 
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Illustration of Cologarithms 

EmampleS. To find l«^2fioa82,76x.l74ft. 

Wfl might add the logarithms of the factors in the numerator and from this sam subtract 
the logarithm of the denominator ; but we can shorten the operation by adding the nega- 
tive of the logarithm of the denominator instead of subtracting the logarithm itself. The 
negative of the logarithm of a number (when written in convenient form for computation) 
is called the cologarithm of the number. We may find the negative of any number by 
subtracting it from zero, and it is convenient in logarithmic computation to write zero in the 
form 10.00000 - 10. Thus the negative of 2.17 is 7.88 - 10 ; the negative of 1.1482 - 10 is 
S.8668. Kemembering that the cologarithm of a number is its negative we have the follow- 
ing rule : 

Tojind the cologarithm of a nuniher begin at the left of its logarithm {including 
the characteristic) and subtract each digit from 9, except the last* which 9ttbtract 
from 10 ; if the logtirithm has not — 10 after the mantissa, write — 10 after ths reattU; 
if the logarithm has —10 after the mantissa, do not write — 10 after the resuU. 

By this rule the cologarithm of a number can be read directly out of the table without 
taking the trouble to write down the logarithm. Attention must be given not to for^get the 
characteristic. The use of the cologarithm is governed by the principle : 

Adding the cologarithm is eqiuvalent to subtracting the logarithm. 

Returning to the computation of the given problem we should write : 

log 48.25= 1.68860 
log 182.76= 2.12307 
log.l745=9.24180-10 
colog 1415.3 = 6.84915-10 (add) 

log 85= 9.89752 - 10 whence 05= .7898 

EoMmple 4. Find the 5th power of 7.26842 

log 7.26842= 0.86144 

5 (multiply) 

log V = 4.8(^720 whence x = 20286. 

Example 5. Find the 4th root of .0075^4 

log .0075&i= 7.87875 - 10. 

(It is convenient to have, after the division by 4, — 10 after the mantissa; henoe before the 
division we add 30.00000 - 80.) 

log . 007564 = 37. 87876 - 40 (di vide by 4) , 
log x = 9.46969 - 10 whence x — .2949 



Example 6. Find the value of iMMiE^M^^^ 

\ (98.75)(- 186.3) 



We have no logarithms of negative numbers, but an inspection of this problem shows 
that the result will be negative and numerically the same as though all the factors were 
positive ; hence we proceed as follows : 

log 34.55= 1.58845 
log856.7- 2.93283 
log 43.5 =1,63849 
colog 98.7.")= 8.00546 - 10 
colog 186.3 = 7.72979 - 10 (add) 

1 .84502 (divide by 8) 

log(- 05) = 0.61501 whence a- — - 4.121 



♦ If the logarithm ends in one or more ciphers, the last signiflcftat 4*l5*ti ts to be nnder^ 
stood here. 
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THE SLIDE RULE 



XI 



9* The Slide Rule. A slide rule consists of two pieces of the shape 
of a ruler, one of which slides in grooves in the other ; each is marked 
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(Fig. 1) in divisions (scale A and scale B) whose distances from one end 
are proportional to the logarithms of the numbers marked on them. 
It follows that the sum of two logarithms can be obtained by simply 
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sliding one rule along the other ; thus if (see Fig. 2) the point marked 1 
on scale B is set opposite the point marked 2.5 on scale A^ the point on 
scale B marked 2 will be opposite the point on scale A marked 5, since 
log 2.6 + log 2 = log 5. Likewise, opposite 3 (scale B) read 7.5 (scale A) ; 
opposite 2.6 (5) read 6.26 (^), i.e. 2.6 x 2.5 = 6.26. 

Other multiplications can be performed in an analogous manner. Divi- 
sions can be performed by reversing the operation. Thus, if 4.6 {B) be 
set on 11.25 (^), then 1 (B) will be opposite 2.6 (-4), as in Fig. 2. 

Scales C and 2) are made just twice as large as scales A and B. It fol- 
lows that the numbers marked on G and D are the square roots of the 
numbers marked opposite them on scales A and B. 

For a description of more elaborate slide rules, and full directions for 
use, see the catalogues of instrument makers. 

The student should use a slide rule in checking results ; practice may 
be had by checking many of the results of the following list of exercises. 
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10- Oraphicsl SepTemntatioo of Interpolatioo. In the proceas of in- 
terpolatiou, values are ioserted as if the logaritlim varied directly as the 
number, between the two nearest 
values given in the table. Graph- 
ically, this means that the interpo- 
lation is made aa if the curve 
i/ = logz conBisted of a straight 
line segment. 

If the values of x and y ■= \ogx 
are plotted in the ueuai manner, 
the curve obtained in that shown in 
Fig. S. The values of x and y 
given in the table fall so oloee to 
each other on this figure Chat the 
interpolating line cannot be shown. 
But if the portion of the figure near 
x = 2, !f = . 30103 be enlai^d in 
the ratio I to 10000 on the :t-axia 
and I to 1000 on the y-asis, the resulting figure is as shown in Fig. i. 
The point A shows z = 2.001, y = .30125 ; the point B shows x = 2.002, 
y = .30110; it we draw the straight line ANV, it is clear that the strt^i 
line differs from the true curve AXB, but tiie difference is very slight. 
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Thus, the value of y given by interpolation for x = 2.0016 is shown at 
JV"; it is j/ = .301:155. The true value of 1082.0015, found from a higher 
place table is really .SOI^i-'iltO : but either of these results would be written 
.3013(1, so that the error made in uxing the Htraight line ANB in place of 
the curve AMB does not aSecl the fifth place of decimals. 
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EXERCISES 

1. Find the values of each of the following products by logarithms ; check each com- 
putation by a multiplication of round numbers. 

(rt) 8.1416 X 206.«. (i») 64.32 X 2780.6. (c) 82.16 x(- 44.52). 

id) 281.6 X .0024. ie) (- .008714) x (1206.5). (/) .968752 x .0010746. 

2. Substitute -^ for x in each of the parts of £x. 1, and then And the indicated quo- 
tient in each case by logarithms. 

3. Find the value of each of the following expressions by logarithms ; check each 
computation. 

.V 3.1416x2109.4 .^v 725 x(- 3.472) (c) (3. 1416)« . («) (l.728)». 

^^ ^ 782.56 X 28.6 * 6805.4 X .0126 * (t/) V8.1416. (/) (2.469)8/8. 

ig) (-27.846)«. (A) (.000165)V7. (i) (8. 1416) (2.84)»-r(. 006)1/8. 

4. Find the area of a circle whose radius is 47.6 ft. 

5. Find the area of a rectangle whose base is 281.75 and whose height is 614.25. 

6. Find the area and the volume of a sphere whose radius is 4.6152. 

7. (liven 1 cm. — .8987 in., reduce 4762.6 cm. to inches. 

8. Reduce 675 sq. cm. to square inches. 

9. Uiven 865.242 mean solar days >-> 866.242 sidereal days, express 1 mean solar day in 
terms of sidereal days ; express 1 sidereal day in terms of mean solar days. 

10. The amount a of a principal p at compound interest of rate r for n years is given 
by the formula : a — /?(1 + r)». Find a ifp — 12,758, r « .06, and « « 5. 

11. Evaluate each of the folloMing expressions : 

(c/) Vs. y/^' V^. X 5. 62 X (4 .8)1 Jt -y/Toooo 

(^y) 52/8h-(12.7)«/*. ^*^ (.my^^ ' ^"^^ (49.52)4.6' 

II. FIVE-PLACE TABLE OF THE ACTUAL VALUES OF 
THE TRIGONOMETRIC FUNCTIONS OF ANGLES 

11. Direct Readings. This table gives the sines, cosines, tangents, 
and cotangents of the angles from 0° to 45^; and by a simple device, 
indicated by the printing, the values of these functions for angles from 
45° to 90° may be read directly from the same table. For angles less than 
45° read down the page, the degrees being found at the top and the min- 
utes on the left ; for angles greater than 45° read up the page, the degrees 
being found at the bottom and the minutes oh the right. 

To find a function of an angle (such as 15° 27'.0, for example) which 
does not reduce to an integral number of minutes, we employ the process 
of interpolation. To illustrate, let us find tanl6°27'.0. In the table 
we find tan 16° 27' = .27638 and tan 15° 28' = .27670 ; we know that 
tan 15° 27'. 6 lies between these two numbers. The process of interpola- 
tion depends on the assumption that between 15° 27' and 15° 28' the tan- 
gent of the angle varies directly as the angle ; while this assumption is not 
strictly true, it gives an approximation sufficiently accurate for a five-place 
table. Thus we should assume that tan 15° 27 '.5 is" halfway between 
.27638 and .27670. We may state the problem as follows: An increase 
of 1' in the angle increases the tangent .00032 ; assuming that the tangent 



xiv EXPLANATION OF THE TABLES [§11 

varies as the angle, an increase of 0'.6 in the angle will increase the tan- 
gent by .6 X .00032 = .00019 (retaining only five places) ; hence 

tan 16° 27'.6 = .27638 + .00019 = .27«67. 

The difference between two successive values in the table is called, as 
in Table I, the tabular difference (.00032 above). The proportional part 
of the tabular difference which is used is called the correction (.00019 
above), and is found by multiplying the tabular difference by the appro- 
priate fraction of the smallest unit given in the table. 

EkeampU 1. Find sin 68° 52'. S. 

We find sin 6;^° W = .81)777 ; 

tabular difference = .00018 (subtracted mentally from the table), 
eturection = .S x .00018 = .00010 (to be added). 
Hence sin W 5'2'.S = .S9787. 

Eo&ampU 2. Find tan 37" 46^.4. 

tun 37« 45/ = .77428 ; 

dropping useless zeros, tabular difference = 47 ; .4 x 47 =■ 19 (to be added). 

Hence tun 87" 45'. 4 = .77447. 

Example 3. Find cos 65" 24'.8. 

cos 65" 24' = .41628 ; 

tabular difference = 26 ; .8 x 26 = 21 

(to be subtracted because the cosine decreases as the angle increases). 
Hence cos 65" 24'.S = .416(»7. 

• EoDample 4. Find ctn 82" 18'.5. 

etn 82"1S'= 1.5S1S; 

tabular difference = 10 ; .5 x 10 = 5 (to be subtracted). 

Hence ctn 82" 1 ^'.5 = 1 .5818. 

Rule. To find a trigonometric function of an angle by interpolation: 
select the angle in the table which is next smaller than the given angle, and 
read its sine (cosine or tangent or cotangent as the case may be) and the 
tabular difference. Compute the correction as the proper proportionaZ 
part of the tabular difference. Tn case of sines or tangents add the correc- 
tion; in case of cosines or cotangents^ subtract it. 

12. Reverse Readings. Interpolation is also used in finding the an^e 
when one of its functions is given. 

Example 1. Given sin x =• .82845, to find x. 

Looking in the table we find the sine which is next less than the given sine to be .82882, 
and this belongs to 19" 10'. Subtract the value of the sine selected fronri the given sine to 
obtain the actual difference = .0(K)13 ; note that the tabular difference = .00027. The actual 
difference divided by the tabular difference pives the correction = 18/27 --^ .6 as the decimal 
of a minute (to be added). Hence x = 19" 10'.5. 

Example 2. Given cos x — .28482, to find x. 

The cosine in the table next less than this is .28429 and belongs to 78" 29' ; the tabular 
difference is 28 ; the actual difference is 8 ; correction = 3/28 = .1 (to be sabtraeted). 
Hence x = 73" 28'.9. 

Examjde 3. Given tan cc = 2.8573, to find x. 

The tangent in the table next less than this is 2.8556 and belongs to 70" 42' ; the tabular 
difference is 26 ; the actual difference is 17 ; correction 17/26 =- .7 (to be added). Henoe 
X =- 70" 42'.7. 
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Rule. To find an angle when one of it a trigonometric functions is given : 
select from the table the same named function tohich is next less than the 
given function, noting the corresponding angle and the tabular difference; 
compute the actual difference {between the selected value of the function 
and the given value) and divide it by the tabular difference ; this gives the 
correction which is to be added if the given function is sine or tangent^ 
and to be subtracted if the given function is cosine or cotangent. 

TIL FIVE-PLACE COMMON LOCJARITHMS OF THE 
TRIGONOMETRIC FUNCTIONS 

13. Use of the Table. If it is required to find the nuinerical value of 
X = 27.85 X sin 51° 27', we may «apply logarithms as follows : 

log 27.86 = 1.44483. 
log sin 51" 27' = 9.89324 - 10 (add). 

log a; = 1. '33807 " x = 21.78 

The only new idea here is the method of finding log sin 51° 27', which 
means the logarithm of the sine of 51° 27'. The most obvious way is to find 
in Table I, 8hi51°27' = .78200, and then to find in Table II, log .78206 
= 9.89324— 10, but this involves consulting two tables. To avoid the 
necessity of doing this. Table III gives the logarithms of the sines, 
cosines, tangents, and cotangents. The arrangement and the principles 
of interpolation are similar to tliose given on p. viii for Table I. The stu- 
dent should note carefully that Table III does not give the sines, cosines, 
etc., of angles, but rather their logarithms ; also that the sines and cosines 
of all acute angles, the tangents of all acute angles less than 45° and the 
cotangents of all acute angles greater than 45° are proper fractions, and 
their logarithms end with — 10, which is not printed in the table, but 
which should be written down whenever such a logarithm is used. 

Example 1. Find log sin 68<* WA. 

On the page haying 6S° at the bottom, and in the row having 25^ on the right find lug 
sin 6So2.V = 9.96848 — 10; the tabuhir difference Is 5; .4x5 is given in the margin as 2; 
this is the correction to be added, giving log sin 68° 25^.4 » 9.96845 - 10. 

(In case of sine and tangent add the correction.) 

Example 2. Find log cos 43° 89^.4. 

log 00848<» 89^ - 9.81998 - 10, tabular difference 15. 

.4 X 15 •« 6 (subtract) therefore log cos 48» d9'.4 - 9. 81992 - 10. 
(In case of eoslne and cotangent, subtract the correction.) 

Example 8. ' Given log tan cb — 0.77668, to find x. 
' The logarithmic tangent in Tftble III next less than the given one is 0.77689 and belongs 
to 80<>80' ; the actual difference is 24; the tabular difference is 78 ; hence the correction is 
24/78 =» .8 (add) ; hence 0-80° 80'.8. 

Example 4. Given logooe «d » 9.72581 - lU, to find x. 

The logarithmic cosine next less than the. given one is 9.72562 — 10 and belongs to 57** 53' ; 
the actual difference is 19 ; the tabular difference is 20; hence the correction is 19/20 => i.u 
(to the nearest tenth) ; (subtract) ; hence a; »■ 57** 52'.0. 
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In finding logctnoc for any angle a, note that logctnoc = — log tan a, 
since ctn a = 1/tan a. Hence the tabular differences for log ctn are pre- 
cisely the same as those for log tan throughout the table, but taken in 
reversed order. Likewise, log sec a = — log cos a, log esc a = — log sin a ; 
hence log sec a and log esc a are omitted. 

For angles near 0° or near 90°, the interpolations are not very accurate 
if the differences are large. A special process, called logarithmic interpo- 
lation^ is given on p. 46, for angles below 3° or above 87°. 

IV-V. RADIAN MEASURE 

14. Computations in Radian Measure. The reduction of degrees to 
radians is facilitated by Table IV — Conversion of Degrees to Badians. 

The values of sina;, cosic, tana;, are stated for every angle x from 0.00 
radians to 1.60 radians at intervals of .01 radian in Table V — Trigo- 
nometric Functions in Radian Measure. 

The reduction of radians to degrees can be performed directly by Table 
V ; or, for greater accuracy, by the supplementary Table Va. 

VI. POWERS — ROOTS — RECIPROCALS 

15. Arrangement. This table is arranged so that the square, cube, 
square root, cube root, or reciprocal can be read directly to five decimal 
places for any number n of three significant figures. To attain this, not 
only n^, n^y Vn, y/n^ 1/n, but also VlO 7i, v^lO w, \^100n are printed on 
every page. All values have been carefully recomputed and checked. 

Thus to fiud y/lAl, read in Vli column the result: 1.0S167. To find Vll.T, read in 
the HUine line, in x/ltTn column the r esult; ;j.420r>3. To tin<l Vll7, read 10 times the 
entry in Vw column, since V^llT = lOVl.lT. 

Similarly, v^f.Tf = 1.05373 from y/n column ; v^l.T =- 2.27019 from the same line in 

"v/lO n column ; y/iU = 4.69097 from the same Hue in -y/liiOn column. 

The effect of a change in the decimal point in n% n*, and 1/n is only 
to shift the decimal point in the result, without altering the digits printed. 

16. Uses. One principal use of this table in Trigonometry is to make 
the Pythagorean Theorem and the Law of Cosines practicable as formulas 
for actual computation, in an obvious manner. 

For mensuration formulas, etc., all the entries are very convenient. 

VIT. NAPIERIAN OR NATURAL LOGARITHMS 

17. The Base e. —Natural Logarithms. The number e = 2.7182818 .- 
is called the natural base of logarithms. The logarithms of numben 
to this base are given in Table VII at ititervals of .01 from 0.01 to 
10.09, and at unit intervals from 10 to 409. The fundamental relation 
loge n = log^ 10 X logio 71 enables us to transfer from the base 10 to the base 

' 6, or conversely ; where log, 10 = 2.30258509. 



§ 19] FOUR-PLACE TABLES XVU 

A^B — C. FOUR-PLACE TABLES 

18. Four-place Tables. These are duplicates of the preceding five- 
place tables, reduced to four places, and with larger intervals between 
the tabulations. The value of such four-place tables consists in the greater 
speed with which they can be used, in case the degree of accuracy they 
afford is sufficient for the purpose in hand. 

A. Logarithms of Numbers. The only special feature of this table is 
that the proportional parts are printed for every tenth in every row ; hence 
the logarithm of any number of /owr significant figures can be read directly, 
by a mental addition of the proportional part corresponding to the last 
figure. There may be an error of 1 in the last place in the result. 

B. Antilogarithms. Attention is called to the table of antilogarithms, 
in which the numbers corresponding to given logarithms are tabulated' 
This table, together with the accompanying four-place logarithm table, 
will be found to facilitate approximate calculations to a marked degree, 
especially when great accuracy is not necessary. Thus these tables are 
convenient in checking results found otherwise. The proportional parts 
are stated in the right-hand margin for each row separately ; hence the 
antilogarithm of a number of four significant figures can be read almost 
immediately, the addition of the proper correction being performed men- 
tally. This arrangement, w^ith the corresponding one in Table A, makes 
the tables effectively four-place each way. 

C. Values and Logarithms of Trigonometric Functions. In this table, 
the values of sin cc, cos a, tan a, ctn a, and their common logarithms^ 
are stated for each 10 minute interval in a. The characteristics of the 
logarithms are omitted, since they can be supplied readily from the value, 
as in the case of Table A. 



19. Soorces and Checks used. In arranging all of these tables, several 
extant tables have been used as sources ; and the proofs have been read 
against the standard seven-place tables of Vega, and at least one other 
table, or against at least two independent sources when the figures are 
not given by Vega. In all cases, the stereotyped plates have been proof- 
read five times, by three different persons. 

In case of apparent doubt, especially in the last place of decimals, the 
values have been recomputed, either by series or by the condensed fifteen- 
place tables of Hotiel. 

While errors may occur, it is believed that they must be purely typo- 
graphical ; in most cases such an error is revealed by the unreasonable 
differences it creates. 
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962 


9H7 


962 


967 


972 


917 


9S2 


987 


993 


997 




72 
73 


M002 
052 
101 


007 
Oi57 
lOB 


0l2 

063 
HI 


OIT 
067 
116 


023 
072 
121 


021 
077 
126 


131 


037 
0S6 
136 


042 
091 
141 


04T 
146 


1 


S 

l!2 


i!o 


0.4 




' 75 
78 


161 
201 
250 


196 
206 
255 


161 

am 


166 

:ii6 

366 


171 
221 
270 


176 
315 


181 
231 
380 


236 
385 


191 
290 


196 
245 

3as 


4 
6 


3-4 
3.0 


■2.0 

2.5 


1 
3 


a 






77 
78 
79 


300 
34!) 
399 


305 
364 
4ftt 


310 
409 


31H 
36* 
414 


320 
419 


3'26 
374 
434 


330 
379 
429 


339 
384 


340 


3i6 
394 


S 

3 


4.3 
4.8 
G.4 


3.6 
4.0 
4.6 


1 


8 

a 

6 




880 


448 


453 


4SS 


463 


468 


473 


478 


483 


48S 


493 






81 
8.1 


498 
547 
6ilfi 


503 
.W2 
tiOl 


907 
557 
606 


B13 

Ob-2 
611 


fin 
567 
616 


1122 
571 
621 


576 
626 


532 
581 


586 
635 


542 
5ill 
640 




86 


691 
743 


eno 

899 
748 


636 
704 
703 


660 
709 
758 


714 
763 


719 
768 


676 
724 
773 


«80 
729 
778 


«S5 
7.34 
783 


6S9 
73fl 
787 






87 
88 


702 
841 
890 


797 
846 
895 


851 
300 


S07 
905 


St2 
861 
910 


S17 
866 
915 


871 
919 


827 
924 


!r29 


836 

885 






890 


939 


d44 


»9 


^fi4 


959 


963 


968 


*i73 


ms 


983 
•033 
129 




91 
9-2 
93 


9S8 

95036 

085 


993 
Ml 
090 


998 
016 
0»& 


•003 
051 
100 


•007 
OSH 
108 


•013 
061 
109 


•017 
<IH6 
114 


071 
119 


■027 
075 
124 




iw 


13* 

182 
231 


139 
187 

236 


143 
192 
340 


118 
197 

243 


153 
202 
290 


1.58 
207 
356 


lai 

211 

360 


168 
316 
2«5 


173 
221 
270 


177 
220 
274 






97 


27S 


2S4 
333 
3fil 


389 


294 
«3 
390 


2D!) 
.■M7 
395 


303 
400 


308 
40.-. 


313 
3Hl 
410 


318 
116 


323 
371 






900 


434 


429 


434 


439 


441 


448 . 4.T3 


45a 


4(i;i 


468 




S. 





I 


S 


i 


4 


5 1 6 


7 


8 


9 


Etav.«Vi~ 


i 



18 




900- 


'Logarithms 


Of ynmbers 


-950 






P 


H. 





1 


a 


3 


4 


fi 


e 


7 


B 


» 


Prop. Pli, 


BOO 


05 424 


42!) 


431 


4:19 


444 


448 


4B3 


468 


463 


408 




<S 


473 
S31 

am 


477 
533 
574 


483 
S9I 
578 


487 
B35 


493 
MO 


4!)7 
545 
S93 


501 
560 


506 
-5R4 
602 


511 
559 
607 


516 
564 
612 


M 
05 


fil7 
713 


623 
718 


636 
<174 
722 


fi3l 

liJ'J 

727 


636 
684 
7;i3 


641 

689 
737 


mi 

694 
742 


650 
<K)8 
746 


R15 
703 
751 


660 
708 
756 




07 
Otj 

oe 


7r.i 

80!) 
S.'ill 


1m 

fll3 

«il 


770 
818 

see 


776 
833 
871 


7S0 
875 


785 
833 
880 


KSI 

885 


«42 
890 


709 
847 
895 


8B3 
899 




910 


9M 


ftW 


914 


918 


M3 


938 


<133 


938 


943 


i)47 


13 


i«.(H7 


Wi7 
0113 


961 
•OOfl 
05T 


966 
•014 
OBI 


D71 
•Olit 
D66 


976 
•023 
071 


980 
•028 
076 


985 
•WB 
080 


990 
•038 
08S 


99S 
•042 
090 


14 
IS 

16 


095 
142 
190 


09!) 
147 
1B4 


1(H 
152 
199 


10!) 
156 
204 


114 
161 

aw 


JIM 
166 

313 


123 
171 
31ft 


128 
175 
233 


333 
180 
227 


J37 
185 
332 




17 

18 
It) 


237 
384 
;i33 


243 
28a 
331) 


346 
2!4 
■Ml 


351 

298 
348 


256 
303 
3,50 


261 
308 
35,5 


313 
360 


aro 

317 
365 


278 
332 
369 


380 
327. 
374 




980 


■TTi) 


384 


338 


393 


308 


402 


407 


413 


417 


421 


21 

23 
33 


42(1 
47:i 


478 
B2.'i 


43.1 
483 
B30 


440 
487 
534 


445 

403 
539 


430 
497 
M4 


454 
BOl 


4flil 
506 
B53 


464 
511 
M8 


468 
615 
562 


1 
2 


S 

0.6 
1.0 


4 

0,4 
0.8 


25 
36 


5(i7 
614 


Bl3 
619 
666 


670 


681 
6-28 
B75 


«86 
633 
680 


B91 
fi38 
6HB 


695 
643 
689 


600 
647 
«!)t 


60S 
653 


609 
656 
703 


5 


2.0 
2,8 


: 




28 
29 


708 
755 
803 


713 

7B9 

ma 


717 

764 
811 


722 
76!) 
816 


727 

774 
820 


778 
825 


736 
783 

J4.10 


741 
788 
KM 


74B 
792 
83B 


750 
797 
844 


7 
9 


3.5 
4.0 


•. 


8 
3 


930 


848 


B5.1 


858 


862 


S67 


872 


876 


881 


886 


tm 




32 

3a 


895 
»12 


!»0 
093 


904 
951 
997 


909 
966 
•002 


AH 
960 
•007 


918 
UH5 
•Oil 


923 
«70 
•016 


974 
•021 


933 
lff9 
•C3S 


!)37 
984 

•o;» 


34 

35 


97 036 
081 
128 


086 
133 


090 
137 


095 
143 


053 
100 
146 


058 
104 
151 


063 
109 
IfiG 


114 
IBO 


118 
166 


OTT 
123 
189 




-37 
38 


174 
320 
2fi7 


179 
235 
271 


183 
S30 
276 


188 
234 
381) 


339 
385 


197 
S43 
390 


248 
394 


206 
399 


211 
207 
3M 


^6 

262 
308 




940 


313 


31T 


.'?22 


337 


33t 


336 


340 


34.S 


ssa 


354 


41 
42 
43 


359 
4a'i 


410 
4£6 


368 
414 
460 


373 
4l!» 
4tJB 


377 
431 
470 


382 
428 
474 


387 
433 
47!) 


ani 

4.17 
483 


mi 

442 

488 


400 
447 
493 


44 
4S 


497 
543 

589 


502 
548 
£91 


we 

553 


nil 

557 
0O3 


562 
607 


a2o 

566 
613 


625 
671 
G17 


539 
57.1 
631 


5W 
WlO 
626 


S39 
58G 
630 




47 

48 
40 


681 

727 


K40 
685 
731 


644 


610 
740 


653 
74B 


«U8 
704 
74!l 


663 
708 
754 
800 


667 
713 


672 
717 


676 
732 
768 
813 




BSO 


772 


777 


783 


7Wi 


7!11 7ft1 


WH soil 


H. 





1 


a 3 


4 ! 5 


fl 


7 1 8 


9 


Prop. Pti. 



J 




960 — 


LoKaritl 


■IIM 


nf Nambers- 


-1000 






ig 




M. 





1 , 2 


3 


4 


S 


6 


7 


S 


9 


Prop. Pt8. 




960 


97T7E 


777 


782 


786 


791 


70.1 


mo 


«04 


809 


813 






H2 


818 
i»9 


823 
914 


827 
873 
918 


877 


836 
928 


811 


845 
891 
937 


850 
896 


900 


859 
905 






st> 


95fl 
(Mti 


959 
005 


009 


9(18 
014 


973 
019 
064 


ir:8 

02i 
068 


073 


987 
033 


991 
037 


990 
041 






57 


OBI 
137 
182 


09G 
141 
186 


100 
146 


105 
160 


109 
15.'. 
200 


114 
159 
204 


118 
1«4 
209 


123 
im 


127 
173 


132 
177 
223 






S60 


32T 


233 


236 


241 


246 


250 


254 


2W 


2e;i 


288 




fi2 
03 


272 


m 

322 
307 


281 
32T 
372 


376 


2tl0 
381 


295 
340 


299 
345 

390 


304 
349 
394 


308 
354 
399 


313 
358 
403 






408 
4B3 
498 


413 

-457 
502 


417 
507 


421 
511 


426 
471 


430 
47.'. 


tan 

480 


439 


444 

4S9 
634 


448 
493 






6T 


M3 
G88 


547 
ii3T 


532 
59T 


601 


561 

fior. 


565 
610 


670 
614 
659 


574 
619 


570 
623 
6BR 


583 

628 
673 






970 


fi7T 


(183 


686 


091 


695 


700 


704 


709 


713 


717 




71 
72 
73 


722 
767 
811 


T26 
771 
816 


731 
776 


736 


740 


744 
789 
834 


749 
793 
838 


753 
798 
&43 


802 
847 


762 
807 
851 


2 




1 


6 



4 
0.4 
0.8 




7-i 
75 
7H 


SlOO 
MB 


860 
949 


865 
954 


869 
014 
958 


874 
963 


878 
967 


883 
927 
9J3 


976 


^1 


896 
941 
9S5 




} 


) 


2.0 




77 
78 
79 


989 

99 OM 

078 


9(M 
OS.'S 


"998 
08T 


•003 
047 
092 


•007 
096 


•013 


•016 
061 
105 


•021 
065 
109 


•036 
069 
114 


•029 
074 
118 


I 


i 


5 


3.8 
3.2 
3.6 




aso 


123 


127 


131 


136 


140 


145 


149 


154 


1B8 


162 






aj 

aa 

83 


167 
311. 


171 
216 
260 


176 
220 
264 


ISO 
224 
269 


185 
229 
273 


233 

2n 


193 
238 


198 

242 


202 
347 
291 


207 
251 
296 




SB 


'.Hi 
3K8 


301 
348 
392 


308 
352 
396 


313 
357 
401 


317 
361 
405 


322 

366 
410 


326 
370 
414 


330 
374 

419 


336 
37B 
423 


383 
427 






88 
89 


432 
47Q 
520 


,436 
480 
E2t 


441 

484 
528 


445 
53,^ 


44B 
493 
5;i7 


454 
542 


463 
502 
540 


463 
BOO 

BBO 


467 
BIl 
5.VS 


471 
515 
B5II 






000 


5fi4 


568 


572 


577 


581 


585 


590 


B<I4 


599 


603 




91 
93 


607 
695 


612 
699 


616 

cm 

701 


631 
664 
708 


025 
712 


629 
673 
717 


631 
677 
721 


638 
682 
726 


642 
686 
730 


617 
691 
73* 




9* 

95 
96 


739 
782 
82<l 


743 
787 


747 
836 


752 
795 
839 


75B 
800 
813 


760 
804 


765 
H08 


769 


774 
817 


778 
822 
865 






97 
98 

iboo 


870 
913 
957 


874 
91T 


878 
i»22 


R83 
920 
970 


930 
974 


93.1 
978 


896 
939 
98,3 


900 
944 
987 


9(« 
918 
!«1 


909 
963 
996 






00 000 


004 


000 


013 


^17 


022 


026 


030 


035 


030 




IT. 





1 


a 


3 


4 


5 


a 


T 


% 


\ * \ 1-»wi.-«\i. 


\ 



20 



Logarithms of Important Constants 



[1* 



TABLE la. LOGARITHMS OF IMPORTANT CONSTANTS 



y^m Number 



l-*-x 

ira 

VF 
e — Napierian Base 

l-t.if=log,10 

180 J- IT = degrees in 1 radian 

X ^ 180 = radians in 1° 

rr -^ 10800 = radians in V 

tr ■*- 648000 = radians in 1" 

sin 1" 

tanl" 

centimeters in 1 ft. 

feet in 1 cm. 

inches in 1 m. 

pounds in 1 kg. 

kilograms in 1 lb. 

g 

weight of 1 cu. ft. of water 
weight of 1 cu. ft. of air 
cu. in. in 1 (U. S.) gallon 
ft. lb. per sec. in 1 H. P. 
kg. m. per sec. in 1 H. P. 
watts in 1 H. P. 



Valuk op If 



3.14159265 

0.31830989 

9.86960440 

1.77245385 

2.71828183 

0.43429448 

2.30258609 

67.2957795 

0.01745329 

0.0002908882 

0.000004848136811095 

0.000004848136811076 

0.000004848136811152 

30.480 

0.032808 

39.37 

2.20462 

0.453593 

32.16 ft./sec./sec. 

= 981 cm./sec./sec. 
62.425 lb. (max. density) 
0.0807 lb. (at 2,QP F.) 
231 
550. 
76.0404 
745.957 



LoOjoJV 



0.49714987 

9.50285013 

0.99429975 

0.24857494 

0.43429448 

9.63778431 

0.36221569 

1.75812262 

8.24187738 

6.4637261 

4.68557487 

4.68557487 

4.68557487 

1.4840168 

8.5159842 

1.5951654 

0.3433340 

9.6566660 

1.5073 

2.9916690 

1.7953+ 

8.907 

2.3636120 

2.7403627 

1.8810445 

2.8727135 



COMMON LOGARITHMS OF THE FIRST HUNDRSD PRIME NUMBERS 



N 



/ 



1 

2 

3 

5 

7 

11 

13 

17 

19 

23 

29 

31 

37 

41 

43 

47 

53 

S9 

61 

67 



1 



Logarithm 


N 


0000000000 


71 


3010299957 


73 


4771212547 


79 


6989700043 


8:^ 


8450980400 


89 


0413926852 


97 


1139433523 


101 


2304489214 


103 


2787536010 


107 


3617278360 


109 


4623979979 


113 


4913616938 


127 


5682017241 


131 


6127838567 


137 


6334684556 


139 


6720978579 


149 


7242758696 


151 


7708520116 


157 


7863298350 


163 


8260748027 i 


167 



Log 



8512583 
8633229 
8976271 
9190781 
94931K)0 
9867717 
0043214 
0128372 
0293838 
0374265 
05:i0784 
1038037 
1172713 
l;?67206 
1430148 
1731863 
1789769 
1958997 
2121876 
2227165 



N 



173 

179 

181 

191 

193 

197 

199 

211 

223 

227 

229 

233 

239 

241 

251 

257 

263 

269 

271 

277 



Log 



\ 



2380461 
2528530 
2576786 
2810334 
2855573 
2944662 
2988531 
3242825 
3483049 
3560259 
3598:^55 
3<>73559 
3783J179 
3820170 
3996737 
4099331 
4199557 
4297523 



N 



281 
28:^ 
293 
307 
311 
313 
317 
331 
337 
347 
349 
353 
359 
367 
373 
379 
383 
389 



Log 






4487063 
4517864 
4668676 
4871384 
4927604 
4955443 
5010593 
5198280 
5276299 
5403295 
5428254 
5477747 
5550944 
5646661 
5717088 
5786392 
5831988 
5899496 



N 



409 
419 
421 
431 
433 
439 
443 
449 
467 
461 
463 
467 
479 
487 
491 
499 
503 
509 



Log 



6117233 
6222140 
6242821 
6344773 
6364879 
6424645 
6464037 
6622463 
6599162 
6637009 
6655810 
6693169 
6803365 
6875290 
6910815 
6981005 
7016680 
7067178 



\ 



TABLE II 
ACTUAL VALUES 

OF THE 

TKIGONOMBTRIC FUNCTIONS 

FBOM 

0« TO 90° AT INTERVALS OF ONE MINUTE 

TO 

FIVE DECIMAL PLACES 




22 


<r-TaIne8 


of Trigonometric Fanctions — 1 




[II 


"j" 


Sin 


Tan 


Ota 


Cos 








Sin 


Tan 1 Otn 


Cos 







.00000 


.00000 




1.0000 


00 





.01745 


.01746 


57.290 


.1B)985 


60 




029 


02<» 


sisT? 


tm 


63 






774 


773 


56.361 


994 


r,>j 




05S 


068 


1718.9 








2 






66.442 






3 


087 


087 


1145.9 




W 




3 


832 




64.561 


983 


07 


1 


116 


116 


859.44 


000 


5(i 




4 


863 


862 




983 


66 


6 


.00146 


.00149 


687-65 


i.nooo 


66 




« 


.01891 


.01891 


52.882 


.99982 


56 


6 




175 




000 










920 




982 




7 


304 


304 


491.11 








7 


W9 


949 


51.303 


981 




B 


333 


23.1 


429.72 


000 


62 




S 


.01978 


.01978 


50.549 


980 


52 


S 


262 


263 


381.97 


000 


61 




n 


.02007 


.02007 


49.816 


980 


51 


10 


XI02<)] 


.00291 


343.77 


1.0000 


M 




10 




.02036 


49.104 


.99979 


SO 


11 


^0 














066 






979 




12 


349 


349 


286.48 


999 


48 




13 


094 


095 


47.740 


978 


48 


13 


378 


378 


264.44 


099 


47 




13 


123 


124 


47.085 


977 


47 




407 


407 


246.65 


999 


46 




14 


153 


163 


46.449 


977 


46 


16 








.B9999 


46 




16 


.03181 








46 




48.". 


466 


2I4;86 


999 


44 




16 


211 


211 




97(> 


44 


17 


495 


495 


202.32 


99!) 


43 




IT 


340 


240 


44.639 


975 


43 


18 


534 


624 


190.98 


9il9 


4a 




IS 


»m 


269 


44.066 


974 


42 


19 


653 


633 


180.93 


998 








298 




43.508 


■174 




SO 






171.89 


.99998 


40 




SO 


.02337 




42.964 


.99973 


40 


21 


fill 


611 


163.70 


!B8 


M 






356 


367 


42.433 


972 


39 


22 


(flO 


640 


156.26 


•m 


3S 




22 


38.S 


386 


41.916 


973 


38 


23 




669 


149.47 




in 




23 






41.411 


971 


37 








143.24 


998 








443 




40.917 


SffO 


36 


fiS 


.00727 


.00727 


137,51 


.99997 


86 




26 


.02472 


.02473 


40.436 


.99969 


S5 


an 


756 


756 


132.22 


99; 


34 




a6 


501 


502 


39,066 


969 


34 


27 


786 


785 


127.33 


997 


33 




27 


530 


531 


39.506 


068 


33 


28 


814 


816 


122.77 


99r 


33 




2« 




560 


;i9.057 


967 










118.54 




31 






589 


589 


38.618 


966 




80 


.00873 


.00873 


114.69 


.9999B 


30 




30 


.02618 


.02619 


38.188 


.99966 


30 


31 


103 


902 


110.89 


996 


29 




31 


647 


648 


37.7H0 


965 


20 


32 


931 


931 


107.43 


<nm 


38 




32 


676 


677 


37 .358 


964 


28 


33 


960 


960 


104.17 


995 


27 




.33 


705 


706 


:i6.95e 




27 


» 




.00989 


101.11 




3e 






734 


735 




963 




as' 


.01018 


.01018 


98.218 


.!I9995 


£8 




36 


.02763 


.02764 


36.178 


.99962 


26 


36 


MT 


MT 


9.1.489 


995 


24 




M 


793 


793 


35.801 


961 


24 


37 




076 


92.908 


9!)4 


33 




37 


831 


822 


35.431 


960 


23 


38 


105 




90.403 




22 




58 






36.070 










136 


83.144 


991 








879 


881 


34.715 


969 


21 


40 


.01164 


.01164 


85.W0 


.99993 


20 




40 


.02908 


-.02910 


34.368 


.99968 


20 


41 


193 


193 


8.1.844 


903 


19 






938 




34.027 


967 




ii 




222 




993 


IS 




4U 


967 


968 


33.691 






43 






79W3 


992 


17 




43 


.02996 


.02997 


33-386 






44 




280 


78.128 


903 






44 


.03025 






«H 




46 


.01309 


.01309 


76.390 


.ff9991 


U 




46 


.03064 


.03055 


32.7;w 


.99953 




46 


XiB 


338 


74.729 


991 


H 




46 


083 


084 


32.431 


953 




47 


361 


367 


73,139 


991 


13 




47 


112 


114 


;J2.118 


962 




4S 


39fj 






im 


12 




48 




143 




961 






42B 


435 


70.153 


990 










172 




950 




SO 


.01464 


.01455 


68-750 


.99989 


10 




60 


.03199 


.03201 


31.242 


.99M9 




51 


483 


481 


67.402 


989 







51 


328 


230 


30.960 


918 




52 


613 


513 


Si. 105 


989 


a 




63 


257 


259 


30.683 


M7 




M 


542 












53 


286 






!M6 






671 


671 


63.657 


988 


6 




U 


316 


317 


30.146 


iM5 




66 


.OIHOO 


.01600 


62.499 


.99987 


6 




56 


.0334J1 


.03346 


29.882 


.99944 




513 




629 


61.383 


987 


i 




36 


374 


■.m 


29.634 


913 




57 


658 


aw 


60.:tot; 








.'i7 


403 




29.371 






58 


68T 


087 






2 








iM 


20.122 


941 




.M) 


















4l>:i 


28.877 


!40 




60 


,0174.'i 


,01746 


67.290 


.mw.1 
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60 
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2°— Values of Trigonometric Functions — 3 


9 


23 


1 



Sin 


Tan 


Ctn 


Cos 


60 







Sin 


Tan 


Ctn 


Cos 


60 


.03490 


.03492 


28.636 


.99939 


.05234 


.05241 


19.081 


.99803 


1 


619 


621 


.399 


938 


59 




1 


263 


270 


18.976 


861 


59 


2 


648 


660 


28.166 


937 


68 




•> 


292 


299 


.871 


860 


58 


3 


677 


679 


27.937 


936 


57 




3 


321 


328 


.768 


858 


57 


4 


606 


609 


.712 


9:i5 


56 




4 


350 


357 


.666 


867 


56 


6 


.03636 


.03638 


27.490 


.99934 


55 




5 


.05379 


.06387 


18.564 


.99856 


56 


6 


664 


667 


.271 


933 


54 




6 


408 


416 


.464 


854 


64 


7 


693 


696 


27.057 


932 


53 




7 


437 


445 


.;i66 


862 


63 


8 


723 


726 


26.845 


<)31 


52 




8 


466 


474 


.268 


851 


62 


9 


752 


764 


.637 


930 


51 




9 


495 


503 


.171 


849 


51 


10 


.03781 


.03783 


26.432 


.99929 


50 




10 


.05524 


.05533 


18.075 


.99847 


60 


11 


810 


812 


.230 


927 


49 




11 


653 


662 


17.980 


846 


49 


12 


839 


842 


26.031 


926 


48 




12 


582 


591 


.886 


844 


48 


13 


868 


871 


25.836 


925 


47 




13 


611 


620 


.793 


842 


47 


14 


897 


900 


.642 


924 


46 




14 


640 


649 


.702 


841 


46 


16 


.03926 


.03929 


26.462 


.99923 


45 




15 


.05669 


.05678 


17.611 


.99839 


45 


16 


965 


958 


.264 


922 


44 




16 


698 


708 


.521 


838 


44 


17 


.03981 


.03987 


25.080 


921 


43 




17 


727 


737 


.431 


836 


43 


18 


.04013 


.04016 


24.898 


919 


42 




18 


756 


766 


.;343 


834 


42 


19 


042 


046 


.719 


918 


41 




19 


785 


795^ 


.266, 


833 


41 


20 


.04071 


X)4076 


24.542 


.99917 


40 




20 


.05814 


.05824 


17.169* 


.99831 


40 


21 


100 


104 


.368 


916 


39 




21 


844 


854 


17.084 


829 


39 


22 


129 


133 


.196 


915 


38 




22 


873 


883 


10.999 


827 


38 


23 


169 


162 


24.026 


913 


37 




23 


902 


912 


.915 


826 


37 


24 


188 


191 


23.869 


912 


36 




24 


931 


941 


.832 


824 


36 


25 


.04217 


.04220 


23.695 


.99911 


85 




25 


.05960 


.05970 


10.750 


.99822 


36 


26 


246 


250 


.632 


910 


34 




2() 


.05989 


.05999 


.008 


821 


34 


27 


276 


279 


.372 


909 


33 




27 


.06018 


.06029 


.587 


819 


33 


28 


304 


308 


.214 


907 


32 




28 


047 


058 


.507 


817 


32 


29 


333 


337 


23.058 


906 


31 




29 


076 


087 


.428 


815 


31 


80 


.04362 


.04366 


22.904 


.999a5 


30 




30 


.06105 


.06116 


10.350 


.99813 


80 


31 


391 


396 


.752 


904 


29 




31 


134 


145 


.272 


812 


29 


32 


420 


424 


.602 


902 


28 




32 


163 


175 


.195 


810 


28 


33 


449 


464 


;454 


iK)l 


27 




33 


192 


204 


.119 


808 


27 


34 


478 


483 


.308 


900 


26 




34 


. 221 


233 


10.043 


806 


26 


36 


.04507 


.04512 


22.164 


.99898 


25 




35 


.06250 


.06262 


15.909 


.99804 


25 


36 


636 


641 


22.022 


897 


24 




36 


279 


291 


.895 


803 


24 


37 


565 


670 


21.881- 


896 


23 




37 


308 


321 


.821 


801 


23 


38 


594 


599 


.743 


894 


22 




38 


337 


350 


.748 


799 


22 


39 


623 


628 


.606 


893 


21 




39 


366 


379 


.070 


797 


21 


40 


.04653 


.04658 


21.470 


.99892 


20 




40 


.06395 


.06408 


15.005 


.99796 


20 


41 


682 


687 


.337 


8iX) 


19 




41 


424 


438 


.534 


793 


19 


42 


711 


716 


.205 


889 


18 




42 


453 


467 


.404 


792 


18 


43 


740 


745 


21.075 


888 


17 




43 


482 


496 


.394 


790 


17 


44 


769 


774 


20.946 


886 


16 




44 


511 


525 


.325 


788 


16 


45 


.04798 


.04803 


20.819 


.99885 


15 




45 


.06540 


.00554 


15.257 


.99786 


15 


46 


827 


833 


.093 


883 


14 




46 


5()9 


584 


.189 


784 


14 


47 


856 


862 


.569 


882 


13 




47 


598 


613 


.122 


782 


13 


48 


886 


891 


.446 


881 


12 




48 


627 


642 


15.050 


780 


12 


49 


914 


920 


.325 


879 


11 




49 


656 


671 


14.990 


778 


11 


50 


.04943 


.04949 


20.206 


.99878 


10 




50 


.00685 


.06700 


14.924 


.99776 


10 


51 


.04972 


.04978 


20.087 


876 


9 




51 


714 


730 


.800 


774 


9 


r>2 


.06001 


.05007 


i9.<)70 


875 


8 




52 


743 


759 


.795 


772 


8 


53 


030 


037 


.855 


873 


7 




53 


773 


788 


.732 


770 


7 


54 


059 


066 


.740 


872 


6 




54 


802 


817 


.mo 


768 


6 


55 


.05088 


.05096 


19.627 


.99870 


5 




55 


.06831 


.06847 


14.006 


.99766 


5 


m 


117 


124 


.516 


869 


4 




56 


800 


870 


.544 


7()4 


4 


67 


146 


163 


.405 


867 


3 




57 


889 


905 


.482 


702 


3 


58 


176 


182 


.296 


Sf)6 


2 




58 


918 


934 


.421 


760 


2 


59 


206 


212 


.188 


8(^4 


1 




59 


947 


9(53 


.mi 


758 


U 


60 

/ 


.052;H 


.05241 


19.081 


.99863 
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4" — Valaes of Trigonometric Fanctions — 6 


" 


m 






Sin 


Tan 
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Coa 








Sin 


T&n 


Cta 


Gob 










.OliWS 


.ofitna 


i4.:ii)i 


.997S6 


60 





.08716 


.08749 


1).430 


.99619 


"m 








,O70(W 


.07023 


,241 


754 








715 


778 


.393 


-617 


5S 








(m 






762 






3 


774 


807 


.354 


614 










0112 


080 
110 


.124 
.085 


790 
748 


57 
,56 




S 


803 
831 


837 
866 


.316 
.279 


612 
609 


57 
56 








.07121 


,07i;i!) 


14.008 


.99746 


fiS 




6 


.08860 


.08895 


11.243 


.99607 


6S 








ISO 






744 






G 






.205 


604 










179 




.814 


743 


m 




7 


918 


954 




603 


53 








20S 


227 


.838 


740 


fii 






iW7 


.08ilH3 


,132 




52 








337 


25tf 


.782 


738 


51 






.08976 


,09013 


.095 


n96 


51 








.07ai6 


.0738B 


13.737 


.997.16 


GO 




10 






11.089 


.99694 


50 












.072 


734 








034 


071 


11,024 




49 








324 


344 


.617 


731 


48 






063 


101 


10.988 




48 








3a3 
3S2 


373 
402 


.663 
.010 


729 
737 


47 

46 




13 


093 
121 


130 


.953 
.918 


BS6 
683 


£ 








.07411 


.07431 


13.457 


.99725 


48 




15 




.09189 


10.883 


.99S80 


4S 










461 




723 


44 




18 


179 


218 


.848 


678 


44 








469 


490 


.363 


721 


43 




17 


208 


247 


.814 


575 


43 








4il8 


619 


.300 


719 


42 






•£fl 


377 


.780 


B72 


43 






19 


6^7 




.348 


716 


41 




IB 




306 


.746 


670 








» 


.07B5G 


.07.178 


13.19r 


.99714 


40 




SO 


.093M 


.09338 


10.712 


.99867 


40 






21 


5«.l 


(107 


.146 


712 


39 




21 


324 


365 


.678 


564 


39 






22 


H14 


B36 


.090 


710 






22 


353 


304 


.645 


562 


38 






33 


(543 


Gfij 


13.046 


70S 


:i7 




33 


382 


433 


.612 


559 


37 






3* 


e:3 


695 


12,996 


705 






34 






.679 




38 






SS 


.07701 


.07734 


12.1H7 


.9»ra3 


SS 




26 


,09440 


,09482 


10.546 


.99563 


SS 






m 


730 


753 


.8ie 


701 


u 




26 


4(W 


511 


.61 


551 


34 






37 


759 


783 


.850 


6!I9 


3d 




37 


4<IS 


511 


.48 


54B 


33 






2a 


788 


812 


.801 


696 


33 






537 


,'570 


.449 


545 


33 






39 


817 




.754 


694 
















31 






30 


.0781H 


.07870 


12.70li 


.90692 


30 




30 


,09.W.'i 


.01(629 




.«I640 


SO 






31 


875 


899 


■ .659 


689 


29 




SI 


614 


658 


.354 


537 


29 






33 


BW 


929 


.013 


687 


28 




-32 


612 




.322 


534 


38 






33 


,!»;( 


958 


.506 


es.'i 


27 




33 


671 


717 


■ .391 


531 


27 






3i 






.630 


68il 






31 


70O 


746 


.260 


52S 








3S 


-OTSIill 


.08017 


13.474 


.99680 


25 




36 


.0972<i 


.09776 


10.339 


.99526 


se 






3B 


.08020 


WO 


.439 


678 


24 




36 


758 


805 


.199 


623 


24 






37 


040 


07B 


.384 


e76 


23 




-37 


787 


834 


.168 


520 


33 








078 


104 


.339 


673 


22 




38 




864 


.138 


517 


22 








107 


134 


.29!> 


671 














514 








40 


.08136 


.081(13 


12.251 


.99668 


20 




40 


.09874 


.09923 


10-078 


.99511 


SO 






41 


lli5 


liB 




666 


19 




41 


903 


i)a2 


.048 


508 


19 






43 


m 


221 


.163 


651 


18 






932 


.0i>981 


10.019 


BOB 


18 






43 


333 


361 


.120 


661 


17 




43 


981 




9.9893 


503 


17 








253 


280 


.077 


659 






44 
















4S 




,08309 


13.035 


.99657 


16 




46 


.10019 


.10069 




.9iHi)7 


IS 






4(1 


310 


;«9 


11.992 


654 


14 




46 


018 


09'J 


.9021 


494 


14 






47 


3a9 


308 


.950 


652 


13 




47 


077 


128 


.8731 


491 


13 






4« 


368 
397 


397 
427 


.909 
,867 


649 
647 


12 




48 


106 


187 


.8448 


488 
486 


11 






SO 

61 


453 


483 


!78fi 


643 


'I 




60 

51 


..10164 
192 


.10316 
246 


9.7883 
.7601 


.99482 
479 


10 

9 






52 


484 


514 


.745 


639 


8 




62 


321 


376 


.7322 


476 








B3 


513 


544 


.705 


637 


7 




63 


250 




.7044 


473 








M 


W2 


673 


.864 


63S 


6 




M 






.0768 










S6 


.08571 






.99632 






66 


.lo.'aw 


.10363 


9.6493 


.9!«67 


S 








«00 


633 










56 


337 




.6220 


4M 








87 


G29 


filil 


.546 


627 






57 


366 


423 


.5949 


461 


3 






5B 


l!B8 


090 


.507 


62,5 


2 
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458 
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720 


.468 
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00 
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6° — Values of Trigonometric Fnnctioiis — 7° 



26 



1 



Sin 


Tan 


Ota 


Cos 


60 


.10453 


.10510 


9.5144 


.99452 


1 


482 


640 


.4878 


449 


59 


2 


611 


669 


.4614 


446 


68 


3 


540 


699 


.4352 


443 


57 


4 


569 


628 


.4090 


440 


56 


5 


.10697 


.10657 


9.3831 


.99437 


55 


6 


626 


687 


.3572 


434 


54 


7 


655 


716 


.3315 


• 431 


53 


8 


684 


746 


.3060 


428 


52 


9 


713 


776 


.2806 


424 


51 


10 


.10742 


.10805 


9.2553 


.99421 


50 


11 


771 


834 


.2302 


418 


49 


12 


800 


863 


.2052 


415 


48 


13 


829 


893 


.1803 


412 


47 


14 


858 


922 


.1565 


409 


46 


16 


.10887 


.10952 


9.1309 


.99406 


45 


16 


916 


.10961 


.1065 


402 


44 


17 


945 


.11011 


.0821 


399 


43 


18 


.10973 


040 


.0579 


396 


42 


19 


.11002 


070 


.0338 


393 


41 


20 


.11031 


.11099 


9.0098 


.99t5«7U 


40 


21 


060 


128 


8.9860 


386 


39 


22 


089 


158 


.9623 


383 


38 


23 


118 


187 


.9387 


380 


37 


24 


147 


217 


.9152 


377 


36 


25 


.11176 


.11246 


8.8919 


.99374 


85 


26 


205 


276 


.8686 


370 


34 


27 


234 


306 


.8455 


367 


33 


28 


263 


335 


.8225 


364 


32 


29 


291 


364 


.7996 


360 


31 


80 


.11320 


.11394 


8.7769 


.99357 


80 


31 


349 


423 


.7542 


354 


29 


32 


378 


452 


.7317 


351 


28 


33 


407 


482 


.7093 


347 


27 


34 


436 


611 


.6870 


344 


26 


86 


.11465 


.11641 


8.6648 


.99941 


25 


36 


494 


670 


.6427 


337 


24 


37 


623 


600 


.6208 


334 


23 


38 


552 


629 


.5989 


331 


22 


39 


680 


659 


.6772 


327 


21 


40 


.11609 


.11688 


8.5555 


.99324 


20 


41 


638 


718 


.5340 


320 


19 


42 


667 


747 


.5126 


317 


18 


43 


696 


- 777 


.4913 


314 


17 


44 


725 


806 


.4701 


310 


16 


46 


.11754 


.11836 


8.4490 


.99307 


15 


46 


783 


865 


.4280 


303 


14 


47 


812 


895 


.4071 


300 


13 


48 


840 


924 


.3863 


297 


12 


49 


869 


954 


.3656 


293 


11 


50 


.11898 


.11983 


8.»t50 


.99290 


10 


51 


927 


.12013 


.3245 


286 


9 


52 


956 


042 


.3041 


283 


8 


53 


.11986 


072 


.2838 


279 


7 


54 


.12014 


101 


.2636 


276 


6 


66 


.12043 


.12131 


8.2434 


.99272 


5 


56 


• 071 


160 


.2234 


269 


4 


67 


100 


190 


.2035 


265 


3 


58 


129 


219 


.1837 


262 


2 


59 


158 


249 


.1640 


258 


1 


60 


.12187 


,12278 i 


8.1443 


.992.56 
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Tan 


Ctn 


Cos 


60 


.12187 


.12278 


8.1443 


.99255 


1 


216 


308 


.1248 


251 


59 


2 


245 


338 


.1054 


248 


58 


3 


274 


367 


.0860 


244 


57 


4 


302 


397 


.0667 


240 


56 


5 


.12331 


.12426 


8.0476 


.99237 


55 


6 


360 


456 


.0285 


233 


64 


7 


389 


485 


8.0095 


230 


63 


8 


418 


515 


7.9906 


226 


62 


9 


447 


544 


.9718 


222 


61 


10 


.12476 


.12574 


7.9530 


.99219 


50 


11 


504 


603 


.9344 


215 


49 


12 


533 


633 


.9158 


211 


48 


13 


562 


662 


.8973 


208 


47 


14 


591 


692 


.8789 


204 


46 


15 


.12620 


.12722 


7.8606 


.99200 


45 


16 


649 


751 


.8424 


197 


44 


17 


678 


781 


.8243 


193 


43 


18 


706 


810 


.80<)2 


189 


42 


19 


735 


840 


.7882 


186 


41 


20 


.12764 


.12869 


7.7704 


.99182 


40 


21 


793 


899 


.7525 


178 


39 


22 


822 


929 


.7348 


176 


38 


23 


851 


958 


.7171 


171 


37 


24 


880 


.12988 


.6996 


167 


36 


25 


.12908 


.13017 


7.6821 


.99163 


85 


26 


937 


047 


.6647 


160 


34 


27 


966 


076 


.6473 


156 


33 


28 


.12995 


106 


.6301 


152 


32 


29 


.13024 


136 


.6129 


148 


31 


80 


.13053 


.13165 


7.5958 


.99144 


80 


31 


081 


195 


.5787 


141 


29 


32 


110 


224 


.5618 


137 


28 


33 


139 


254 


.5449 


133 


27 


34 


168 


284 


.5281 


129 


26 


85 


.13197 


.13313 


7.5113 


.99125 


25 


36 


226 


343 


.4947 


122 


24 


37 


254 


372 


.4781 


118 


23 


38 


283 


402 


.4615 


114 


22 


39 


312 


432 


.4451 


110 


21 


40 


.13341 


.13461 


7.4287 


.99106 


20 


41 


370 


491 


.4124 


102 


19 


42 


399 


521 


.3962 


098 


18 


43 


427 


550 


.3800 


094 


17 


44 


456 


580 


.3()39 


091 


16 


45 


.13485 


.13609 


7.;^79 


.99087 


15 


46 


514 


(>39 


.3319 


083 


14 


47 


543 


669 


.3160 


079 


13 


48 


572 


698 


.3002 


075 


12 


49 


600 


728 


.2844 


071 


11 


50 


.13629 


.13758 


7.2687 


.99067 


10 


51 


668 


787 


.2531 


063 


9 


52 


687 


817 


.2376 


059 


8 


63 


716 


846 


.2220 


055 


7 


54 


744 


876 


.2066 


051 


6 


55 


.13773 


.13906 


7.1912 


.99047 


5 


56 


802 


935 


.1759 


. 043 


4 


57 


831 


965 


.1607 


039 


3 


58 


860 


.13995 


.1455 


035 


2 


59 


889 
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I X^fiA^ 


I <^V 


k^_ 



Ote / Jan I Sin 

8a< 



rt 






%\s^ 



26 



8** — Values of Trigonometric Functions — 9' 
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Tan 
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60 




.13917 


.14054 


7.1154 


.99027 




1 


946 


084 
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023 


69 




2 


.13975 


113 


.0855 


019 


68 




3 


.14004 


143 


.0706 


016 


67 




4 


033 


173 


.0558 


Oil 


66 




6 


.14061 


.14202 


7.0410 


.99006 


55 




6 


090 


232 


.0264 


.99002 


64 




7 


119 


262 


7.0117 


.«70l7«^ 


63 




8 


148 


291 


6.9972 


994 


62 




9 


177 


321 


.9827 


990 


61 




10 


.14205 


.14351 


6.9682 


.98986 


50 




11 


234 


381 


.9538 


982 


49 




12 


263 


410 


.9395 


978 


48 




13 


292 


440 


.9252 


973 


47 




14 


320 


470 


.9110 


969 


46 




15 


.14349 


.14499 


6.8969 


.98965 


45 




16 


378 


629 


.8828 


961 


44 




17 


407 


669 


.8687 


957 


43 




18 


436 


688 


.8548 


953 


42 




19 


464 


618- 


.8408 


948 


41 




20 


.14493 


.14648 


6.8269 


.98944 


40 




21 
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678 


.8131 


940 


39 




22 


651 


707 


.7994 


936 


38 




23 


680 


737 


.7856 


931 


37 




24 


608 


767 


.7720 


927 


36 




25 


.14637 


.14796 


6.7684 


.98923 


85 




26 


666 


826 


.7448 


919 


34 




27 


695 


866 


.7313 


914 


33 




28 


723 


886 


.7179 


910 


32 




29 


752 


916 


.7046 


906 


31 




80 


.14781 


.14946 


6.6912 


.98902 


80 




31 


810 


.14975 


.6779 


897 


29 




32 


838 


.15006 


.6646 


893 


28 




33 


867 


034 


.6614 


889 


27 




34 


896 


064 


.6383 


884 


26 




85 


.14926 


.15094 


6.6252 


.98880 


25 




36 


954 


124 


.6122 


876 


24 




37 


.14982 


153 


.5992 


871 


23 




38 


.15011 


183 


.5863 


867 


22 




39 


040 


213 


.6734 


863 


21 




40 


.15069 


.16243 


6:5606 


.98858 


fo 




41 


097 


272 


.5478 


854 




42 


126 


302 


.5350 


849 


18 




43 


155 


332 


.5223 


846 


17 




44 


184 


362 


.6097 


841 


16 




45 


.15212 


.15391 


6.4971 


.98836 


15 




46 


241 


421 


.4846 


832 


14 




47 


270 


451 


.4721 


827 


13 




48 


299 


481 


.4596 


823 


12 




49 


327 


511 


.4472 


818 


11 




50 


.16356 


.15640 


6.4348 


.98814 


10 




61 


385 


570 


.4225 


809 


9 




62 


414 


600 


.4103 


805 


8 




63 


442 


630 


.3980 


800 


7 




54 


471 


660 


.3859 


796 


6 




55 


.15500 


.16689 


6.3737 


.98791 


5 




66 


529 


719 


.3617 


787 


4 




57 


557 


749 


.3496 


782 


3 




58 


586 


779 


.3376 


778 


2 


/ 
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615 
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.3257 


773 


1 
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.15643 
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.15643 


.15838 


6.3138 


.98769 


1 


672 


868 


.3019 


764 


59 


2 


701 


898 


.2901 


760 


58 


3 


730 


928 


.2783 


756 


57 


4 


758 


958 


.2666 


761 


56 


5 


.16787 


.16988 


6.2649 


.98746 


55 


6 


816 


.16017 


.2i32 


741 


54 


7 


846 


047 


.2316 


737 


53 


8 


873 


077 


.2200 


732 


52 


9 


902 


107 


.2086 


728 


51 


10 


.16931 


.16137 


6.1970 


.98723 


50 


11 


959 


167 


.1866 


718 


49 


12 


.16988 


196 


.1742 


714 


48 


13 


.16017 


226 


.1628 


709 


47 


14 


046 


266 


.1615 


704 


46 


15 


.16074 


.16286 


6.1402 


.98700 


45 


16 


103 


316 


.1290 


695 


44 


17 


132 


346 


.1178 


690 


43 


18 


160 


376 


.1066 


686 


42 


19 


189 


405 


.0966 


681 


41 


20 


.16218 


.16435 


6.0844 


.98676 


40 


21 


246 


466 


.0734 


671 


39 


22 


276 


495 


.0624 


667 


38 


23 


304 


626 


.0614 


662 


37 


24 


333 


' 666 


.0405 


657 


36 


25 


.16361 


.16586 


6.0296 


.98652 


85 


26 


390 


616 


.0188 


648 


34 


27 


419 


646 


6.0080 


643 


33 


28 


447 


674 


6.9972 


638 


32 


29 


476 


704 


.9866 


633 


31 


80 


.16605 


.16734 


6.9758 


.98629 


80 


31 


533 


764 


.9651 


624 


29 


32 


562 


794 


.9546 


619 


28 


33 


691 


824 


.9439 


614 


27 


34 


620 


854 


.9333 


609' 


>26 


85 


.16648 


.16884 


5.9228 


.98604 


25 


36 


677 


914 


.9124 


600 


24 


37 


706 


944 


.9019 


695 


23 


38 


734 


.16974 


.8916 


590 


22 


39 


763 


.17004 


.8811 


585 


21 


40 


.16792 


.17033 


6.8708 


.98580 


20 


41 


820 


063 


.8605 


575 


19 


42 


849 


093 


.8502 


670 


18 


43 


878 


123 


.8400 


665 


17 


44 


906 


153 


.8298 


561 


16 


45 


.16935 


.17183 


6.8197 


.98556 


15 


46 


964 


213 


.8095 


661 


14 


47 


.16992 


243 


.7994 


646 


13 


48 


.17021 


273 


.78m 


641 


12 


49 


050 


303 


.7794 


636 


11 


50 


.17078 


.17333 


5.7694 


.98531 


10 


61 


107 


363 


.7594 


626 


9 


62 


136 


393 


.7495 


521 


8 


53 


164 


423 


.7396 


516 


7 


64 


193 


453 


.7297 


611 


6 


55 


.17222 


.17483 


5.7199 


.98506 


6 


56 


250 


513 


.7101 


601 


4 


57 


279 


643 


.7004 


496 


3 


58 


308 


673 


.6906 


491 


2 


59 


336 


603 


.6809 


486 


1 
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10"*— Talues of Trigonometric Functions — ir 
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1 
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60 


.17365 


.17633 


5.6713 


.98481 


.19081 


.UH38 


5.1446 


.98ia'3 


1 


393 


663 


.6617 


476 


59 




1 


109 


468 


.1366 


157 


59 


2 


422 


693 


.6521 


471 


58 




2 


138 


498 


.1286 


152 


58 


3 


451 


723 


.6426 


466 


57 




3 


167 


529 


.1207 


146 


57 


4 


479 


753 


.6329 


461 


56 




4 


195 


559 


.1128 


140 


56 


5 


.17508 


..17783 


5.6234 


.yo4oo 


55 




5 


.19224 


.19589 


6.1049 


.98135 


55 


6 


637 


^13 


.6140 


450 


54 




6 


262 


619 


.0970 


129 


54 


7 


565 


843 


.6045 


446 


53 




7 


281 


649 


.0892 


124 


53 


8 


694 


873 


.5951 


440 


52 




8 


309 


680 


.0814 


118 


52 


9 


623 


903 


.5857 


435 


51 




9 


338 


710 


.0736 


112 


51 


10 


.17651 


.17933 


5.5764 


.98430 


50 




10 


.19366 


.19740 


5.0658 


.98107 


50 


11 


680 


963 


.5671 


425 


49 




11 


:395 


770 


.0581 


101 


49 


12 


708 


.1799:3 


.5578 


420 


48 




12 


42:3 


801 


.0504 


09(3 


48 


13 


737 


.18023 


.6485 


414 


47 




13 


452 


831 


.0427 


090 


47 


14 


766 


053 


.5393 


409 


4<) 




14 


481 


8(51 


.0350 


084 


4<) 


15 


.17794 


.1808:3 


5.5301 


.Wj^Vt 


45 




15 


.19509 


.19891 


5.0273 


.98079 


45 


16 


823 


113 


.5209 


399 


44 




16 


5:38 


921 


.0197 


073 


44 


17 


852 


143 


.5118 


394 


4:3 




17 


566 


952 


.0121 


067 


43 


18 


880 


173 


.5026 


389 


42 




18 


595 


.19982 


5.0045 


061 


42 


19 


909 


203 


.4936 


383 


41 




19 


623 


.20012 


4.9969 


056 


41 


80 


.17937 


.18233 


5.4845 


.98378 


40 




20 


.19662 


.20042 


4.9894 


.98060 


40 


21 


966 


263 


.4755 


373 


39 




21 


680 


073 


.9819 


044 


39 


22 


.17995 


293 


.4665 


368 


38 




22 


709 


103 


.9744 


039 


38 


23 


.18023 


323 


.4575 


362 


37 




23 


737 


r33 


.9669 


033 


37 


24 


052 


353 


.4486 


357 


:36 




24 


766 


164 


.9594 


027 


36 


85 


.18081 


.18384 


5.4397 


.98352 


85 




25 


.19794 


.20194 


4.9520 


.98021 


85 


26 


109 


414 


.4308 


347 


34 




26 


823 


224 


.9446 


016 


34 


27 


138 


444 


.4219 


341 


3:3 




27 


851 


254 


.9372 


010 


33 


28 


166 


474 


.4131 


336 


32 




28 


880 


285 


.9298 


.youui 


32 


29 


195 


604 


.4043 


331 


y31 




29 


908 


315 


.9225 


.97i)98 


31 


80 


.18224 


.18534 


5.3955 


.98:325 


80 




30 


.19937 


.20345 


4.9152 


,.97992 


80 


31 


232 


564 


.3868 


320 


29 




31 


9(k5 


376 


.9078 


987 


29 


32 


281 


594 


.3781 


315 


28 




32 


.19994 


406 


.9006 


981 


28 


33 


309 


624 


.3694 


310 


27 




33 


.20022 


436 


.8933 


975 


27 


34 


338 


654 


.3607 


304 


26 




34 


051 


4()6 


.8860 


969 


26 


85 


.18367 


.18684 


5.3521 


.98299 


25 




35 


.20079 


.20497 


4.8788 


.97963 


25 


36 


395 


714 


.3435 


294 


24 




36 


108 


527 


.8716 


958 


24 


37 


424 


745 


.3349 


288 


23 




37 


136 


557 


.8644 


962 


23 


38 


452 


775 


.3263 


283 


22 




38 


1()5 


588 


.8573 


946 


22 


39 


481 


805 


.3178 


277 


21 




39 


193 


618 


.8501 


940 


21 


40 


.18509 


.18835 


5.3093 


.98272 


20 




40 


.20222 


.20648 


4.8430 


.97934 


20 


41 


538 


865 


.3008 


207 


19 




41 


250 


679 


.8359 


928 


19 


42 


567 


895 


.2924 


261 


18 




42 


279 


709 


.8288 


922 


18 


43 


595 


925 


.2839 


256 


17 




43 


307 


739 


.8218 


916 


17 


44 


624 


955 


.2755 


250 


16 




44 


336 


770 


.8147 


910 


16 


45 


.18652 


.18986 


5.2672 


.98245 


15 




45 


.20364 


.20800 


4.8077 


.97905 


15 


46 


681 


.19016 


.2588 


240 


14 




46 


393 


8:30 


.8007 


899 


14 


47 


710 


046 


.2505 


234 


13 




47 


421 


861 


.7937 


893 


13 


48 


• 738 


.076 


.2422 


229 


12 




48 


450 


891 


.7867 


887 


12 


49 


767 


106 


.2339 


223 


11 




49 


478 


921 


.7798 


881 


11 


50 


.18795 


.19136 


5.2257 


.98218 


10 




50 


.2a'507 


.20952 


4.7729 


.97875 


10 


51 


824 


166 


.2174 


212 


9 




51 


535 


.20982 


.7659 


869 


9 


52 


852 


197 


.2092 


207 


8 




52 


5(>3 


.21013 


.7591 


863 


8 


53 


881 


227 


.2011 


201 


7 




53 


592 


043 


.7522 


857 


7 


54 


910 


257 


.1929 


196 


6 




54 


620 


073 


.7453 


851 


6 


55 


.18938 


.19287 


5.1848 


.98190 


5 




55 


.20649 


.21104 


4.7385 


.97845 


5 


56 


967 


317 


.1767 


185 


4 




56 


677 


134 


.7317 


839 


4 


67 


.18995 


.347 


.1686 


179 


3 




57 


706 


1(>4 


'.7249 


8:33 


3 


58 


.19024 


378 


.1606 


174 


2 




58 


7:34 


195 


.7181 


827 


2 


59 


052 


408 


.1526 


KW 
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59 
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225 


.7114 
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377 


.26026 


3.9959 


008 


57 






306 


006 


.9910 


.97001 


06 




6 


.34333 


.25087 




.mm 


ss 






*-2 


118 


.9813 


9S7 


54 






390 


149 


.9r<;:( 


980 


sa 






41H 


180 


.971* 


973 


fia 






4«i 




.geGj 




51 






.34474 


.35313 


3.9617 




60 






503 


273 


.95e8 


953 


49 






531 


304 


.95'20 


9*.'. 


4R 








335 


.9*71 


937 


41 






587 


366 


.!M23 




Mi 






,.24815 


.3535)7 


-'S 


016 


4fi 

4* 






" ^S 






672 


459 


.9379 


909 


4^1 






700 


490 


,B332 


902 


42 




19 


728 


631 


.918* 


8iH 


41 




80 


.34756 


56553 


3.9136 


.96887 


40 




21 


7Ht 


683 


.9089 


880 


3?] 




32 


813 






873 






33 


841 


646 


.81195 




.fT 




■a 


869 


676 


,«W7 


858 


■Mi 




Sfi 


.24897 


.25707 


3.8900 


.96851 


86 




as 


SBB 


T3« 


.8851 




34 




ar 


954 




.8807 




3:t 




28 


.34BH2 


800 


.8760 


829 


32 




2D 


JffiOlO 


831 


.8714 


823 


ai 




so 


,2S03B 


.20882 


3.86h7 


.96815 


so 










.8631 


807 


29 




33 


094 


934 




800 


28 






123 








27 




34 


161 


.25986 


.8483 


786 


30 




ss 


.35179 


.36017 


3.»t:i6 


.96778 


86 




3(1 


307 


048 




771 


24 




37 




079 


!83*5 


764 


23 




SH 


363 


110 


.8299 


766 


22 




»!) 


391 


HI 


.8254 


749 


31 




40 


JJ6320 


.36173 


3.8308 


.96743 


U 




41 


3*8 




.8163 


7M 


19 




42 


■ 376 


333 


.8118 


737 


J8 




43 




266 


.8073 


719 


IT 




44 




297 


.8028 


713 


Ifi 




46 


.25400 




3.7983 


.96706 


1» 




m 


■VM 


309 


.7938 




14 




4T 


Silt 


390 


.7893 


HMO 


i:t 








431 


.78*8 


m-1 


12 








452 


.78(H 


676 


11 




BO 


.25601 


.26*83 


3.7760 


.96667 


10 




51 


639 


515 


.7715 


660 


tl 




S3 
S3 


657 
686 


6*6 

677 


.7671 
.7627 


653 
645 


7 




64 


713 


608 


.7583 




6 




BS 


.3BT41 


.26639 


3.75.*(9 


.96630 


D 






769 


670 


.7495 


633 


4 




BT 




701 


.7461 


616 


a 




B8 


836 


733 




008 


2 




89 


864 


Tft* 


.7364 




1 




BO 


.Ki882 


.38793 


3,7331 


.96593 


_o 


I 


n? 


». 


oa 


fcn 


Sin 


\A 






Sin 


Tan 


Ctn 


Cob 




.25882 


.2(095 


3,7321 


96.'i'l3 


60 


i 


910 




J377 


* .585 


59 


■1 


938 


8,-.7 


.73M 


578 


58 


3 


966 


888 


.7191 


570 


57 


4 


.28994 


920 




»i2 


56 


fi 


.36033 


.SfflBl 


3.7106 


.96565 


Be 


6 


060 


.26982 


.7063 


547 


5* 


7 


079 


37013 


.7019 


640 


53 


8 


107 




.6976 




63 


H 




076 




634 




10 


.26103 


,371OT 


3,6891 


.96617 


BO 




191 


138 


.0848 


609 


49 


Yl 


319 


169 


,li806 


602 


48 


a 


247 






49* 




14 


376 




;b723 




46 


13 


.26303 


.27263 


3.(1680 


.96479 


4S 


111 


.^1 


2M 


.0638 


471 


44 


n 








463 




i« 








456 




19 


415 


388 


.6,'iia 




41 


20 


.26143 


.27419 


3.B470 


.96410 


40 




471 


451 


.6429 


43:) 




Tl 






,b;«7 


426 


38 


23 


638 




.6346 


417 


37 


24 


556 


645 


.6305 


410 


36 


3B 


.26584 


.27576 


3.6364 


.96403 


86 


2ti 




607 




3M 


34 




640 






386 




i 


668 


670 


.6140 


379 


:13 


696 


701 


.6100 


371 


31 


30 


.26724 


.27732 


3,Gaw 


.96363 


80 


;^l 


763 


764 


.6018 


•m 


39 


32 


780 


796 


.5978 


3*7 


38 


;t.t 






.5937 


340 


37 


34 


836 




.6897 


332 




36 


.26864 


.27889 


3.5850 


.96334 


2B 


■M 




921 




316 


24 


^7 




953 


^776 


308 


3:i 


3!f 


9*8 


,379a;i 








39 


.36976 


.28015 


jj69a 




21 


40 


.270M 


.38046 


3.6656 




80 


41 


033 


077 




377 




42 


OliO 


109 




269 




43 


088 


140 


Ji636 






44 




172 


.5197 


383 


18 


45 




.28203 


3.54S7 


.96246 


16 


46 


173 


234 




338 


14 


47 


200 


366 


.6379 


230 




4X 


2^8 


297 


.5:139 






49 


256 


329 


.6300 


314 


11 


60 


.27384 


.38360 


3.6261 


.1)6206 


10 


51 


312 








9 


62 


3*0 


423 


.5183 


190 




53 


368 


454 


.5144 


182 




£4 




48li 


.6105 


174 




66 


.27*34 




3 ,,'5087 


.i)6IB6 


B 


!*i 


*63 


549 








57 


480 


580 


.4989 






58 




613 


.4951 


142 


2 


Wl 


636 




.4913 


134 


1 


6C 


\X\HA 


\.mn! 


\'i.ss\^ 


\iSKflt 


X^ 



30 


16° — Values of Trih'ODometHc FnDctlons— 17° 


[11 




Sin 


Tan 


Ctn 


Cob 








Bin 


Tan 


Ctn 


Coi 






~o 


.27564 


.28875 


3.4874 


.96136 


60 





.39337 


.30673 


3.3709 


.96630 


"m 








706 






09 








605 


.2675 








a 


830 


738 


.47!W 


110 


6S 




s 




637 


.2611 


613 








OK) 


709 


.4760 


102 


67 




3 


321 


669 


.2607 


605 


67 




1 


676 


801 


.4722 


091 


06 




4 


318 


TOO 


.2573 


696 


56 




6 


.27704 


.28832 


3.4684 


.96086 


ES 




6 


.29370 


.30732 


B.2539 


.95688 


ss 




6 


731 


tun 


.4<>1» 




M 




e 


401 




.2606 


679 






7 


759 


895 


.4(i08 


070 


53 




7 


432 


796 


.3473 


571 






8 


787 


1)37 


.4670 


0(!2 


m 




8 


480 




.2438 


663 


62 






Hie 


958 


.4533 


a-M 


m 




fl 


487 


860 


.24ft5 


664 


61 




10 


.3784;! 




3.1496 


.96(Mfi 


fiO 




10 


.39616 




3.2371 


.06545 


to 




11 


8TI 


!3'.02I 


.4458 


037 


4(1 




11 


643 


923 


.3338 


636 






13 


H9U 


053 


.4420 


029 


4» 




12 


571 


955 


.2306 


628 


48 




IS 


iia7 


084 


.tw:! 


031 


47 




13 


KIO 


.30987 


.2272 


619 


47 








116 


.4^ 


013 


46 




14 


620 


.31019 






46 




IB 


.37983 


.39147 


3.4308 


.1)11006 


4fi 




IJt 


.29664 


.31061 


3.2306 




46 




m 


.^8011 


179 


.4271 


.95997 


44 




16 




083 


.2172 


493 


44 




IT 


reta 


310 


.4234 


mi 


a 




17 


710 


116 


.2139 


4S6 


13 






Oii7 


342 


.4197 


981 


42 




18 


737 


117 


.3106 


476 


43 




19 




274 




973 


41 




li) 




178 


.2073 


467 






BO 


.3812:! 


.29;ffl5 


3.4124 


.95964 


40 




20 


.29793 


.31310 


3.2041 


.96159 


U 




31 


ISO 


337 


.1087 


956 


an 




21 


821 


212 


.2008 


450 


39 




22 


178 


368 


.4050 


918 


38 




23 


M9 


274 


.1976 


441 


38 




33 


2011 


400 






37 








306 


.1943 


433 


37 




24 


331 


433 


!3',)77 


931 


an 






104 




.1910 


424 


36 




S6 


.28212 


.2MIS3 


3..3illl 


.1)5923 


$6 




811 


.29933 


.31370 


3.1878 


.95415 


SS 






21)0 


4<B 


.3904 


915 


3i 






960 


403 


.1M6 


407 


31 






318 


626 




907 








.39987 


4^ 


.1813 


398 


33 




28 


3«i 














jwoin 


466 


.1780 


389 


32 




29 


374 


6',I0 


.3796 


890 








043 


498 


.1748 


380 


31 




80 


,28402 


.20621 


3.3TB9 


.95882 






30 


.30071 


.31030 


3.1T1B 


.sosra 


80 




31 


4'29 


663 


.3723 


8T1 






31 


098 


662 


,1684 


363 


2» 




32 


4D7 


085 


.3687 


«6.'S 








120 


61H 


.1652 


351 


38 




33 




716 


.3652 


85T 












.1620 


346 


87 




34 




748 






^ 










.1688 


337 


26 




36 


.28541 


.29780 


3.3.™ 


.95841 








.30209 


.31690 






u 




36 


509 


811 


,3BM 


832 








237 


723 


.1624 


319 


» 




37 


597 


813 


.3509 


834 








565 


754 


.1192 


310 


23 








870 


.M73 










292 


786 


.IKW 


301 


23 




39 


663 






807 


31 




3S 






.1129 








40 


.28880 


.29938 


3.3102 


.96799 


30 




40 


.30318 


.31860 


3.1397 


.96284 


» 




41 


708 


.29970 


.33(17 


791 


111 




41 


370 


8S2 


.1366 


275 


19 




i'i 


73G 


.30001 


.3332 


783 


IS 




4:^ 


403 


914 


.1331 


266 


18 




43 


764 


033 


.3297 


774 


17 




43 




946 


.1303 


257 


17 




44 


792 


085 


.3361 


766 


le 




41 




.3iirr8 


.1371 


248 


le 




46 


.38821) 


.30097 


3.333li 


.06767 


ifi 




46 


.30486 


.33010 


3.1240 


.96210 


IS 




46 


817 


138 


.3191 


749 


u 




4li 


514 


OtJ 


.1209 


231 


14 




47 


875 


lUO 




740 


i:i 




47 


512 


074 


.1178 




13 




48 


•m 






7;i3 


12 




48 






.1146 


213 


IS 




49 


931 


324 


.3087 


734 


11 




49 


697 


J3U 




204 






fiO 


.28969 


J0255 


3.3053 


.10715 


10 




fiO 


.30625 


.32171 


3,1084 


.iB196 


10 




61 


.28987 


287 


.3017 


707 


d 




51 


653 


203 


.1063 


186 


fl 




B2 


.3901S 




.2983 




8 




Si 




235 


.1022 


177 


8 




53 


043 


331 


.2918 


6i« 


7 






708 






168 


7 






070 


382 


.2914 


681 


6 




61 


736 


399 


.0961 


159 


6 




S6 


.39008 


.30414 


3.2879 


.96673 


S 




Jffi 


.30763 


.33;S31 


3.0330 


.96160 


t 




56 


126 


446 


.3846 


601 


4 




flfl 


791 


363 


.0699 


142 


i 




07 


154 


478 


.2811 


656 


3 




57 


819 




.0808 




3 






183 


509 


.2777 


617 


'2 




58 


816 


428 


.06;>8 


124 












.2713 


639 






5U 


874 


160 


.0807 


115 






BO 


.392.-17 


.30673 


3.270! 1 


.96630 







eo 


.30B02 


.32192 


3.07T7 


.9510G 


_0 




s 


a» 


Ota 


Tan 


Bin 


Jl 




Cu 


Ctn 


Tan 


Un 


J_ 





18=— Values of Trigonometric Functions — 19° 


31 


Sin 


TaJl 1 Ctn 


Cos 








Sin 


T&n 


On 


Cos 


~ 




.30H02 


.324112 


3.0777 


,95II)fi 


SO 





,32557 


,344.13 


2.9IH2 


,91552 


60 




!«) 


524 


.0746 


097 


ffl) 






.184 


465 


.1»15 


042 


59 








.0716 




B8 




'1 






,8987 


53:t 


S8 




.30085 


B8S 


.01186 


079 


SI 




3 






.ma 








.31012 


621 


.0655 


070 


Sti 




4 


667 




,8933 


614 


56 




.31040 


.32663 


3.0G3fl 


.95061 


BS 






.32694 


.34.-m 


2,8906 


.94004 


SB 




068 




.0505 




54 






722 


628 


,8878 


496 


04 




OKI 


717 




013 


JW 




I 




661 






03 




123 


749 


-oaa-. 


033 


152 




777 




,8824 


476 


03 




131 


782 


.0505 


021 


51 




9 


804 


726 


,8797 


466 


61 




.31178 


.32814 


3.0475 




80 




10 


.338.13 


,347.58 


3,8770 


.M407 


BO 




2or, 


846 


.0145 


'.^-m; 


4!) 




11 


8,'^ 


791 




447 






233 


. 878 


mir> 


.sinit; 


4S 




fl 


887 


824 


,8716 


438 


48 




Wl 


911 


.o:(85 


i)8« 


41 




13 


914 


806 


,8689 


428 


47 




28U 


943 


.035(1 


979 


Hi 




11 


942 


889 


.8663 


418 


46 




.31316 


.32975 


3.0326 


.94970 


W 




IB 


.32969 


.34923 


2.8036 


.94409 


46 




3M 


.33007 




901 


44 




It! 


.32997 


954 


,8609 




44 




37a 


040 


.0267 


!H2 


■IJ 




IT 


.33024 


.31987 


.8582 


390 


43 




39!) 


072 


.0237 


943 


12 




IS 


051 


.350a(^ 


.8006 


380 


42 




427 


1« 


.0208 




41 




19 


079 






370 






.31454 


.33136 




.94924 


40 




20 


.33106 


.350K5 


3.8003 


.94361 


40 




482 


lfi!» 


.0149 


915 


aa 




21 


134 


118 


.8476 


351 


39 




BIO 


201 


.0120 
.00i« 


906 
897 


i 




23 


161 
189 


1,50 
183 


,8449 
.84'23 


313 
332 


37 




065 


266 




888 


36 




24 


216 


216 




323 


36 




.31593 


.33298 




.M87a 


8G 




8S 


.33214 


.35248 


2,8370 


(«313 


SB 






330 


3.0003 


861) 


34 




26 


271 


281 


,8314 


303 


34 




648 


363 


2.!R174 




33 




27 


298 




.8,318 


2B3 


33 




675 


3B5 


.9M5 


a-ii 


33 




28 




346 




284 


33 




703 


427 




842 


31 




29 


3S3 


379 


;8265 




31 




.SJT30 


.3ai60 


2.9887 


.M832 


30 




ao 


.33381 


.36412 


2,8239 


.m264 


SO 




76« 


492 






29 






408 


445 


.8213 


254 


29 




T8fi 


531 


,9829 


814 








436 


477 


.3187 


246 






813 


567 


,.9800 


805 








46,-! 


510 


,8161 


235 


37 








.9773 


795 










543 


.8135 


235 


26 




.31868 


.33621 


2,9743 


.94786 


M 




as 


.33518 


.35576 


3.8109 


.94215 


SB 




896 


654 


,9714 


777 


M 




36 


645 


008 


,8083 


206 








686 


.9680 


768 






37 


573 


&11 


.8057 


196 


23 




Ml 


718 


.9667 


758 






38 






.8032 


186 


22 




.31B79 


751 


.9629 


749 


1 




31) 


627 


707 




176 


21 




..13006 


.33783 


2.9600 


.91740 


ib 




40 


,33605 


.36740 


3,7980 


.94167 


SO 




031 


816 


.9873 


730 


la 




41 


682 


773 


.7955 


157 


19 




061 


848 


.9344 


721 


IS 




42 


710 


805 


.7929 


147 


18 




089 


881 




712 


IT 




43 


737 


838 


.7903 


137 


17 




116 


913 


!9187 


702 


16 




44 


764 


871 


.7878 


127 


IB 




.321« 


.33915 


2.M69 


,94693 


is 




4B 


.33793 


.3.^9(H 


2.7852 


.94118 


IS 




171 


.33978 


.11131 


684 


14 




46 


819 




.7827 


108 


14 






.31010 


.1H03 




3 




47 


846 




.7801 


008 


13 




22T 


043 


.9375 


665 


12 




48 


874 




.7776 




12 




254 


075 


.9347 


650 


11 




49 


901 


036 


,7761 


078 






.32283 


.34108 


2.9319 


.91646 


10 




GO 


,33929 


.36068 


3.7725 


.94068 


10 




309 












-51 






,7700 


068 


9 




337 


173 




637 






rf2 


.33983 


134 


.7676 


049 


8 




364 


205 




,(il8 


7 




53 


.34011 


167 


,7050 




T 




392 


238 


.9208 


(109 


a 




64 


ais 


199 


.7625 


029 






.32419 


.34370 


2.9180 


.M5t)9 


6 






,31065 


.30332 


2,7600 


,91019 


S 




447 


303 














265 


.7576 


,«009 






474 




,0125 


580 


3 






120 


298 


.7550 


.93999 






602 


368 


-9097 


571 


2 






147 


331 


,7525 


989 






529 


400 


.9070 










175 


364 


.7500 


979 






.sas.'iT 


.344.-« 


2.9042 


.i>i.'i52 







60^ 


.:il302 


.36,397 


2.7475 


.93969 
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Ctn j Tan 


Sin 


J_ 




Cm \ Crtiii \ tvn 


Mi^\^N 



32 


20°— Valaes of Trigonometric Fnncaons— 21° 


[D 




Sin 


Tan 


Ctn 


COI 








ain 


Tan 


oa 


Cm 






~o 


.34302 


..wairr 


2.7476 


.93969 


60 





.30837 


.mim 


2.6051 


.93358 


80 








430 


.7450 


<K9 


S» 








420 


.6038 


348 


«i 
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28°— Values of Trigonometric Fanctions 
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.78363 


1.3761 


.78711 


JtS 
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17 














.61978 


.78975 
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40° — Values of Trigonometric Functions — 4r 
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22 
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38 




22 


088 
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23 


790 
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107 


.1750 


154 


36 




24 


131 


162 


.1343 


.75011 


36 


25 


.648:^ 
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42^— Talues of Trigonometric Functions — 43^ 
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1 
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.0717 


116 
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2 
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58 




2 
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360 


.0711 
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3 
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199 
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256 


57 




3 
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415 


.0705 
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57 
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.66999 


251 
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56 




4 
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469 


.0699 
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.67021 


.90304 


1.1074 


.74217 
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5 


.68306 


.93524 


1.0692 
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6 
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.1067 
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6 
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7 


064 


410 
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7 


349 


633 


.0680 


.72996 
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8 
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463 


.1054 
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8 
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.0674 
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62 




9 
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.1048 
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9 
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.0668 
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10 


.68412 


.93797 
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12 


455 
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13 
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13 
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14 
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14 
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1.1009 


.74022 
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16 
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16 


539 
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17 
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940 
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17 
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18 
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18 
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19 
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944 
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19 
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80 


:68624 
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21 
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.0971 
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21 
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717 
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22 
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885 
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22 
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23 
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23 
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.0581 
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37 




24 
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24 
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l.(m5 
,0(939 


.73826 
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26 
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27 
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787 
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27 
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28 
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.0926 
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28 
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29 


538 


580 
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29 


814 


841 


.0544 


557 
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80 


.67559 


.91633 


1.0913 


.73728 
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80 


.68835 


.94896 


1.0538 


.72537 
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31 
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687 


.0907 


708 


29 




31 


857 
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. .0632 


517 


29 




32 
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740 


.0900 


688 


28 




32 


878 


.96007 


.0526 


497 


28 




33 


623 


794 


.0894 


669 


27 




33 


899 
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.0519 


477 


27 




34 


645 


847 


.0888 


649 


26 




34 


920 
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.0613 


457 
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35 


.67666 


.91901 


1.0881 


.73629 
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85 


.68941 
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.72437 
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36 
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610 
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36 
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229 


.0501 


417 
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37 


709 
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.0869 
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37 


.68983 


284 


.0495 


397 


23 




38 


730 


062 


.0862 


570 


22 




38 


.69004 


340 


.0489 


377 


22 




39 


752. 


116 


.0856 


551 


21 




39 


025 


395 


.0483 


357 


21 




40 


.67773 


.92170 


1.0850 


.73531 


80 




40 


.69046 


.95451 


1.0477 


.72337 


80 




41 


795 


224 


.0843 


511 


19 




41 


067 


506 


.0470 


317 


19 




42 


816 


277 


.0837 


491 


18 




42 


088 


562 


.0464 


297 


18 




43 


837 


331 


.0831 


472 


17 




43 


109 


618 


.0458 


277 


17 




44 


859 


385 


.0824 


452 


16 




44 


130 


673 


.0452 


257 


16 




45 


.67880 


.92439 


1.0818 


.73432 


15 




45 


.69151 


.95729 


1.0446 


.72236 


15 




46 


901 


493 


.0812 


413 


14 




46 


172 


785 


.0440 


216 


14 




47 


923 


547 


.0805 


393 


13 




47 


193 


841 


.0434 


196 


13 




48 


944 


601 


.0799 


373 


12 




48 


214 


897 


.0428 


176 


12 




49 


966 


655 


.0793 


353 


11 




49 


235 


.95952 


.0422 


156 


11 




50 


.67987 


.92709 


1.0786 


.73333 


10 




50 


.69256 


.96008 


1.0416 


.72136 


10 




51 


.68008 


763. 


.0780 


314 


9 




61 


277 


064 


.0410 


116 


9 




52 


029 


817 


.0774 


294 


8 




52 


298 


120 


.0404 


095 


8 




53 


051 


872 


.0768 


274 


7 




53 


319 


176 


.0398 


075 


7 




54 


072 


926 


.0761 


254 


6 




64 


340 


232 


.0392 


056 


6 




55 


.68093 


.92980 


1.0755 


.73234 


5 




55 


.69361 


.96288 


1.0385 


.72035 


5 




56 


115 


.93034 


.0749 


215 


4 




56 


382 


344 


.0379 


.72016 


4 




67 


136 


088 


.0742 


li)5 


3 




57 


403 


400 


.0373 


.71996 


3 




58 


157 


143 


.0736 


175 


2 




58 


424 


457 


.0367 


974 


2 




69 


179 


197 


.0730 


155 


1 




69 


445 


, 613 


. .o;^i I <A5A^V vv. 


60 

J 


.68200 


.93252; 


1.0724 


.73136 





1 \^ 


\ Co* 


\ .9(^^^«^\\!;j8H5i\ :v>5^^\J^ 


Cob 1 


Ctn 1 


Tan j 


Sin 


1 


L 


\ ^\a 


. X'^v 


a.\ J^JS. 
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44° — Talnes of Trigonometric Functions 






Sin 


Tan 


Otn 


Cog 






.69466 


.96669 


1.0355 


.71934 


60 




1 


487 


625 


.0349 


914 


69 




2 


608 


681 


.0343 


894 


68 




3 


629 


738 


.0337 


873 


67 




4 


549 


794 


.0331 


853 


66 




5 


.69570 


.96850 


1.0325 


.71833 


55 




6 


591 


907 


.0319 


813 


64 




7 


612 


.96963 


.0313 


792 


63 




8 


633 


.97020 


.0307 


772 


62 




9 


654 


076 


.0301 


762 


51 




10 


.69675 


.97133 


1.0295 


.71732 


50 




11 


696 


189 


.0289 


711 


49 




12 


717 


246 


.0283 


691 


48 




13 


737 


302 


.0277 


671 


47 




14 


768 


359 


.0271 


650 


46 




15 


69779 


.97416 


1.0266 


.71630 


45 




16 


800 


472 


.0269 


610 


44 




17 


821 


529 


.0253 


690 


43 




18 


842 


686 


.0247 


669 


42 




19 


862 


643 


.0241 


649 


41 




20 


.69883 


.97700 


1.0235 


.71529 


40 




21 


904 


766 


.0230 


608 


39 




22 


925 


813 


.0224 


488 


38 




23 


946 


870 


.0218 


468 


37 




24 


966 


927 


.0212 


447 


36 




25 


.69987 


.97984 


1.0206 


.71427 


85 




26 


.70008 


.yoOxi 


.0200 


407 


34 




27 


029 


098 


.0194 


■ uuu 


'33 




28 


049 


156 


.0188 


, 366 


32 




29 


070 


213 


.0182 


"^ 345 


31 




80 


.70091 


.98270 


1.0176 


.71325 


80 




31 


112 


327 


.0170 


306 


29 




32 


132 


384 


.0164 


284 


28 




33 


153 


441 


.0158 


2()4 


27 




34 


174 


499 


.0152 


243 


26 




85 


.70195 


.98556 


1.0147 


.71223 


25 




36 


215 


613 


.0141 


203 


24 




37 


236 


671 


.0135 


182 


23 




38 


257 


728 


.0129 


162 


22 




39 


277 


786 


.0123 


141 


21 




40 


.70298 


.98843 


1.0117 


.71121 


20 




41 


319 


901 


.0111 


100 


19 




42 


339 


.98958 


.0106 


080 


18 




43 


360 


.99016 


.0099 


059 


17 




44 


381 


073 


.0094 


039 


16 




45 


.70401 


.99131 


1.0088 


.71019 


15 




46 


422 


189 


.0082 


.70998 


14 




47 


443 


247 


.0076 


978 


13 




48 


463 


304 


.0070 


957 


12 




49 


484 


362 


.0064 


937 


11 




50 


.70505 


.99420 


1.0058 


.70916 


10 




61 


525 


478 


.0052 


896 


9 




52 


546 


536 


.0047 


875 


8 




63 


567 


594 


.0041 


865 


7 




64 


587 


652 


.0035 


834 


6 




55 


.70608 


.99710 


1.0029 


.70813 


5 




56 


628 


7()8 


.0023 


793 


4 




57 


649 


826 


.0017 


772 


3 




58 


670 


884 


.0012 


752 


2 




59 


690 


.99942 


.0006 


731 


1 




60 


.70711 


1.0000 


1.0000 


.70711 









Cob 


eta 


\ TMi 


\ %\3L 


L 



w 



TABLE III 
COMMON LOGARITHMS 

OF THE 

TRIGONOMETRIC FUNCTIONS 

a» TO 90» AT INTERVALS OF ONE MINUTE 

TO 

FIVE DECIMAL PLACES 



Note : To find log sin a and log tan a more precisely than by ordinary 
interpolation^ for small values of a, if a is not a tabulated angle. 

Let t be the first tabulated angle below a. Express both a and t in the 
same unit (minutes, or seconds, or any other convenient unit). Then 

log sin a — log sin t = \oga — log t, 

approximately, at least to five decimal places if a < 3° and a — t<,V, 

Now log a and log t can be found from Table I, and log sin t is tabulated in 
Table III ; hence log sin a can be found. Thus to find log sin 1° 12'.4, write 
I*' 12'. 4 = 72'. 4, and arrange tlie computation as follows : 

log 72.4 = 1.86074 (Table I) 

log 72.0 = 1.85733 (Table I) 
(subtract) 0.00241 

log sin 1° 12' = lofe sin 72' = 8.32103 - 10 (Table HI) 

log sin 1^ 12'.4 = log sin 72'.4 = 8. 32344 - 10 (Required) 

Likewise log tan a — log tan t = log a — log f , 

approximately, at least to five decimal places if a<3° and a — t<l'. The 
method of calculation is exactly as above. 

The cosines and cotangents of angles near W coaXi^lQiVJCcAXs^ ^'^^'fe^»ss^% 
them to sinea And tangents of angles near 0°, A.\iO>j^ ^*^ ot^vajw:^ *\fiXftjc'^^>ss^ 
js quite reliable, bat the fifth place may be ^lon^ Va wkj VaXfit^^^^'^^'^ TgtonsRas 

4» 
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0° — Logarithms of Trigonometric Functions 



[m 



LSin 





1 
2 
3 
4 

6 

6 

7 
8 
9 

10 

11 
12 
13 
14 

15 

m 

17 
18 
19 

20 

21 
22 
23 
24 

25 

2H 
27 
28 
29 

80 

31 
32 
33 
34 

85 

3t) 
37 
38 
39 

40 

41 
42 
43 
44 

45 

46 
47 

48 
49 

50 

51 
52 
53 
54 

55 

56 
57 
58 
59 

60 



(>.4() 373 
(5.76 476 
6.91 085 
7.06 579 

7.16 270 
7.24 188 
7.30 882 
7.36 682 
7.41 797 

7M 373 
7.50512 
7.54 291 
7.57767 
7.(i0 985 

7.63 982 
7.66 784 
7.69417 
7.71 JXX) 
7.74 248 

7.76475 
7.78594 
7.80 615 
7.82 545 
7.84 393 

7.86 1(56 
7.87 870 
7.89509 
7.91088 
7.92612 

7.94084 
7.95 508 
7.1X5 887 
7 98 223 
7.99 520 

8.00 779 
8.02002 

8.03 192 

8.04 350 
8.05478 

8.06 578 

8.07 ()r>0 

8.08 696 

8.09 718 

8.10 717 

8.11693 

8.12 647 

8.13 581 

8.14 495 

8.15 391 



8. 
8. 
8. 
8. 
8. 

8. 
8, 
8. 
8, 
8. 



16 268 

17 128 

17 971 

18 798 
19(510 

20 407 
21189 
21958 
22 713 
23456 



8.24 186 



LCoB 



30103 

17609 

12494 

9691 

7918 
6694 
5800 
5115 
4576 

4139 
3779 
3476 
3218 
2997 
2802 
2633 
2483 
2348 
2227 

2119 
2021 
1930 
1848 
1773 

1704 
1639 
1579 
1524 
1472 

1424 
1379 
1:336 
1297 
1259 

1223 
1190 
1158 
1128 
1100 

1072 
1046 
1022 
999 
976 
954 
934 
914 
896 
877 

860 
843 
827 
812 
797 
782 
769 
755 
743 
730 



LTan 



6.4(5 373 
6.76 476 
6.94 085 

7.06 579 

7.16 270 
7.24 188 
7.:50 882 
7.36(582 
7.41797 

7.46 373 
7.50 512 
7.54 291 
7.57 7(>7 
7.60 986 

7.(53 982 
7.(5(5 785 
7.69418 
7.71 900 
7.74 248 

7.76 476 
7.78 595 
7.80 615 
7.82 54(5 
7.84 3i)4 

7.8(5 167 
7.87 871 
7.89 510 
7.91 089 
7.92 613 

7.94 086 

7.95 510 

7.96 889 
7.98 225 
7.99522 

8.00 781 
8.02004 
8.03 194 

8.04 353 

8.05 481 

8.06 .581 

8.07 (553 

8.08 700 

8.09 722 

8.10 720 

8.11696 

8.12 (551 

8.13 585 

8.14 500 

8.15 395 

8.16 273 

8.17 133 

8.17 976 

8.18 804 

8.19 616 

8.20 413 
8.21 195 

8.21 964 

8.22 720 
8.23462 

8.24 192 



cd 



LCtn 



30103 

17609 

12494 

9691 

7918 
6694 
5800 
5115 
4576 

4139 
3779 
3476 
3219 
2996 

2803 
2633 
2482 
2348 

2228 

2119 
2020 
1931 
1848 
1773 

1704 
1639 
1579 
1524 
1473 
1424 
1379 
1336 
1297 
1259 

1223 
1190 
1159 
1128 
1100 

1072 

1047 

1022 

998 

976 

955 
934 
915 
895 

878 

860 
843 
828 
812 
797 
782 
769 
766 
742 
730 



LCtn 



cd 



3.53 627 
3.23 524 
3.05 915 

2.93 421 

2.83 730 

2.75 812 
2.69 118 
2.(53 318 
2.58 203 

2.53 627 
2.49 488 
2.45 709 
2.42 233 
2.39014 

2.36 018 
2.3.3 215 
2.1«582 
2.28 100 
2.25 752 

2.23 524 
2.21 405 
2.19 385 
2.17 454 
2.15 606 

2.13 833 
2.12 129 
2.10490 
2.08 911 
2.07 387 

2 05 914 
2.04 4fX) 
2.03111 
2.01 775 
2.00 478 

1.99 219 
1.97^)96 
l.iK5 80(5 
1.95 647 

1.94 519 

1.93 419 
1.92 347 
1.91300 
1.90 278 
1.89 280 

1.88:^)4 
1.87 349 
1.86 415 
l.a5 500 

1.84 ()05 

1.83 727 
1.82 867 
1.82 024 
1.81 11K5 
1.80 384 

1.79587 
1.78 805 
1.78 0:^5 
1.77 280 

1.76 538 

1.75 808 



LTan 



LCoB 


60 


0.00 000 


0.00 000 


59 


0.00 000 


68 


0.00000 


67 


0.00000 


66 


0.00000 


55 


0.00000 


54 


0.00000 


53 


0.00000 


62 


0.00000 


61 


0.00000 


50 


0.00000 


49 


0.00000 


48 


0.00000 


47 


0.00000 


46 


0.00000 


45 


0.00000 


44 


9.99999 


43 


9.99999 


42 


9.99999 


41 


9.99999 


40 


9.99 999 


39 


9.iM)999 


38 


9.99 9i)9 


37 


9.99999 


36 


9.99999 


35 


9.5>9 9<« 


'M 


9.9i) 9i)9 


33 


9.9^)999 


32 


9.99998 


31 


9.99 998 


30 


9.9^)998 


2f) 


9.i»9 998 


28 


9.99 998 


27 


9.99 998 


26 


9.99 998 


25 


9.99998 


24 


9.99 997 


2.3 


9.99 997 


22 


9.iH)997 


21 


9.99 9J)7 


20 


9.<H)9i^ 


19 


9.99 997 


18 


9.9i)997 


17 


9.99 996 


16 


9.99996 


15 


9.99 91H5 


14 


9.99 996 


13 


9.99 <HK) 


12 


9.99 iHXi 


11 


9.99 995 


10 


9.99 *K)5 


9 


9.1H) 995 


8 


9 99 995 


7 


9.99 995 


6 


9.99 994 


5 


9.9i) 994 


4 


9.99 994 


3 


9.99 994 


2 


9.99 9^)4 


1 


9.99 993 
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LSln 



8.24 18H 

8.24 i)03 

8.25 ()()*) 
8.2():^04 

8.26 i)88 

8.27 (;<>1 

8.28 324 
8.28 i>77 
8.29621 
8.;W 256 

8.;^ 879 
8.81 495 

8.32 las 

8.32 702 

8.33 2<)2 

8.33875 
8.34450 
8.36018 
8.35678 
8.36 131 

8.36678 
8.37 217 

8.37 750 

8.38 276 
8.38796 

8.39310 
8.39818 
8.40 320 

8.40 816 
8.41307 

8.41 792 

8.42 272 

8.42 746 

8.43 216 
8.43680 

8.44 139 
8.44694 
8.46044 
8.46489 
8.46930 

8.46366 
8.46799 
8.47 226 
8.47 650 
8.48069 

8.48485 
8.48896 
8.49304 
8.49708 
8.50 108 

8.60604 
8.60897 
8.61 287 
8.51 673 
8.52066 

8.52434 
8.52810 
8.5;^ 183 
8.53562 
8.63919 

8.64282 



LCk>s 



717 
706 
605 
684 
673 

663 
653 
644 
634 
624 

616 
608 
599 
590 
583 

576 
568 
560 
553 
547 

539 
533 
526 
620 
514 

508 
502 
496 
491 
485 

480 
474 
470 
464 
459 

455 
460 
445 
441 
436 

433 
427 
424 
419 
416 

411 
408 
404 
400 
396 

393 
390 
386 
382 
379 

376 
373 
369 
367 
363 



L Tan led L Ctn 



8.24 liri 

8.24 910 

8.25 616 

8.26 312 

8.26 9<)() 

8.27 6(>9 

8.28 ;m 

8.28 98<) 
8.29629 

8.30 26:5 

8.30888 

8.31 505 
8.32112 

8.32 711 
8.33:^2 

8.;i3 886 
8.34 4()1 
8.35029 
8.;«)5iX) 

8.36 143 

8.36689 

8.37 229 

8.37 762 
8.;«289 

8.38 809 

8.3932.3 

8.39 8:J2 

8.40 3:u 
8.40830 
8.41 321 

8.41807 
8.42 287 

8.42 762 

8.43 232 
8.43 6<M) 

8.44166 
8.44611 
8.46 Ot>l 

8.45 607 
8.45948 

8.46 385 
8.4<>817 

8.47 245 

8.47 669 
8.48089 

8.48 505 
8.48917 
8.49326 
8.497*29 
8.50130 

8.50527 
8.50 920 
8.51 310 
8.61696 
8.52079 

8.62469 
8.62 835 
8.53208 
8.53578 
8.53916 

8.54 308 



LCtn 



718 
706 
696 
684 
673 

663 
654 
643 
634 
625 

617 
607 
699 
591 
584 

675 
568 
561 
653 
646 

540 
533 
527 
620 
614 

609 
602 
496 
491 
486 

480 
476 
470 
464 
460 

455 
460 
446 
441 
437 
432 
428 
424 
420 
416 

412 
408 
404 
401 
397 

393 
390 
386 
383 
380 

376 
373 
370 
367 
363 



cd 



.75 8()8 
.75 0J)0 
.74:«4 
.73 688 
.73004 

.72 3.'U 

.71 ma 

.71 014 
.70 371 
.69 7:^7 

.69112 
.(W 495 

.67 888 
.()7 289 
.(k)698 

.6()114 
(M 5.39 
A'A 971 
.(hi 410 
.(J3 857 

.63 311 
.(i2 771 
.(>2 2:« 
.61 711 
.61 191 

.(50677 
.(JO 1(W 
.59 (kMJ 
..59 170 
.58 679 

.58 193 
.57 713 
.57 2;w 
.56 7f»< 
.5(i;«4 

.56 844 
.55 389 
.54 939 
.54493 
.64052 

.53 615 
.53 183 
.52 755 

.52 :i:n 

.51911 

.51 4i)5 
.51 08.3 
..')0()75 
.50 271 
.49 870 

.49 473 
.49080 
.48(590 
.48 ;«)4 
.47 1)21 

.47 541 
.47 165 
M 7<)2 
.46 422 
.4()055 

1.45(592 



L Tan 



LGoB 



9.JWI 9*KJ 
9.iH> 1H)3 
9.1K) 993 
WM) 993 

• *•»'•* «/• '^ 

9.iH)<W»2 

• '•%'•' »»«'^ 

9.99 J)91 

9.99 IHU 
9.1HMKH 
9 9i)*>JM) 
9.im SU) 
9.<n){MK) 

9.99 <)9() 
9 9i)989 
9.i)9 1)89 
9.9i) 989 
9.JK) [m 

9.W988 
9.<m*)88 
9.i)9 988 
9.i>9987 
9.<)9 987 

9.<n)987 
9.9i) 98(5 
9.<H)98(5 
9.1>9 986 
9.Wi)85 

9.1H)985 
9.t)i) 985 
9.9i)9?^ 
9.9i)J)84 
9.99 984 

9.W983 
9.W98.3 
9.1H)983 
9.<H)982 
9.1H)982 

9.99 982 
9.<>9 981 
9.99981 
9.i)9 981 
9.99 980 

9.W980 
9.1H)979 
9.*M) {r79 
9.9<) 979 
9.<M)978 

9.99 1)78 

9.in)<»77 
9.in)977 
S)Mi) 97(5 

9.<n)97(5 
9.<)9 975 
9.iM)975 
9.i>9 974 
9.^)9 974 

9.99974 



LSln 



60 

r)9 

58 
57 
5(5 

55 

54 
53 
52 
51 

50 

49 
48 
47 
4(5 

45 

44 
4.3 
42 
41 

40 

39 

:58 

37 

:^5 

35 

;u 

.32 
31 

30 

29 
28 
27 
2(5 

25 

24 
23 
22 
21 

20 

19 
18 
17 
16 

15 

14 
13 
12 
11 

10 

9 

8 

7 
(5 

5 

4 
3 
2 
1 





Prop. PtB. 





720 


710 


2 


' 144 


142 


3 


' 216 


213 


4 


288 


284 


6 


360 


366 


6 


432 


426 


7 


604 


497 


8 


676 


568 


9 


648 


639 




660 


600 


2 


132 


130 


3 


198 


196 


4 


264 


260 


6 


330 


326 


6 


396 


390 


7 


462 


466 


8 


628 


620 


9 


694 


686 




610 


600 


2 


122 


120 


3 


183 


ISO 


4 


244 


240 


6 


"306 


300 


6 


366 


360 


7 


427 


420 


8 


488 


480 


9 


649 


640 




060 


000 


2 


112 


110 


3 


108 


166 


4 


224 


220 


6 


280 


276 


6 


336 


330 


7 


392 


386 
440 


8 


448 


9 


6U4 


406 




010 


000 


2 


102 


100 


3 


163 


160 


4 


204 


2(X) 


6 


256 


260 


6 


306 


300 


7 


367 


360 



8 408 

9 I 469 



460 

02 
138 
184 
230 
276 
322 
368 
414 

410 

82 
123 
164 
206 



6 I 246 

7 287 

8 328 

9 . 369 



690 

138 
207 
276 
346 
414 
483 
662 
621 

640 

128 
192 
256 
320 
384 
448 
612 
676 

090 

118 
177 
236 
206 
364 
413 
472 
631 

•40 

108 
162 
216 
270 
324 
378 
432 
486 

490 

08 
147 
106 
245 
204 
343 
302 
441 

440 

88 
132 
176 
220 
264 
308 
362 
306 

390 

70.0 
118.6 
168.0 
107.6 
237.0 
276.6 
320 316.0 
360 366.6 



400 
460 

400 

00 
136 
180 
226 
270 
316 
360 
406 

400 

80 
120 
160 
200 
240 
280 



680 

136 
204 
272 
340 
408 
476 
644 
612 

630 

126 
180 
262 
316 
378 
441 
604 
567 

080 

116 
174 
232 
200 
348 
406 
464 
522 

030 

106 
160 
212 
266 
318 
371 
424 
477 

480 

06 
144 
102 
240 
288 
336 
384 
432 

• 

430 

86 
120 
172 
215 
268 
301 
344 
387 

390 

78 
117 
1.56 
106 
234 
273 
312 
361 



380 

76 
114 
152 
100 
228 
266 
304 
342 



370 

76.0 
112.6 
160.0 
187.5 
225.0 
262.5 
300.0 
337.6 



870 

74 
111 
148 
186 
222 
260 
206 
333 



670 

134 
201 
268 
336 
402 
460 
636 
603 

620 

124 
186 
248 
310 
372 
434 
406 
668 

070 

114 
171 
228 
285 
342 
309 
456 
513 

020 

104 
156 
208 
260 
312 
364 
416 
468 

470 

94 
141 
188 
235 
282 
329 
376 
423 

420 

§4 
126 
168 
210 
252 
294 
336 
378 

880 

77.0 
115.6 
164.0 
192.6 
231.0 
269.5 
308.0 
346^ 



360 

73.0 
109.5 
146.0 
182.5 
219.0 
266.5 
292.0 
328.5 



860 

72 
108 
,144 
180 
216 
252 
288 
324 
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2° — Logarithms of Trigonometric Functions 



[in 



LSin 





1 
2 
3 
4 

5 

() 

7 
8 
9 

10 

11 
12 
13 
14 

15 

10 
17 
18 
19 

20 

21 
22 
23 
24 

25 

26 
27 
28 
29 

80 

31 
32 
33 
34 

85 

36 
37 
38 
39 

40 

41 
42 
43 
44 

45 

46 

47 
48 
49 

50 

51 
62 
53 
54 

55 

56 
57 
58 
59 

60 



8.54 282 
8.54612 
8.54999 

8.55 354 

8.55 705 

8.66 054 
8.56400 

8.56 743 

8.57 084 
8.57 421 

8.57 757 
8.58089 

8.58 419 
8.58 747 
8.59072 

8.69396 
8.59716 
8.60 033 
8.60 349 
8.60662 

8.60 973 

8.61 282 
8.61 589 

8.61 8i)4 
8.62 196 

8.62497 

8.62 796 
8.63091 
8.63385 
8.63678 

8.63 968 
8.64256 

8.64 543 

8.64 827 
8.65 110 

8.65 391 
8.65670 

8.65 947 
8\«3 223 
8.66497 

8.66 769 

8.67 039 
8.67 :«8 
8.67 575 

8.67 841 

8.68 104 
8.68 367 
8.()8 627 

8.68 886 

8.69 144 

8.69400 
8.69654 
8.69907 

8.70 159 
8.70409 

8.70658 

8.70 905 

8.71 151 
8.71 395 
8.71 638 

8.71880 



LCoB 



360 
367 
356 
361 
349 

346 
343 
341 
337 
336 

332 
330 
328 
326 
323 

320 
318 
316 
313 
311 

309 
307 
306 
302 
301 

298 
296 
294 
293 
290 

288 
287 
284 
283 
281 

279 
277 
276 
274 
272 

270 
269 
267 
266 
263 

263 
260 
269 
268 
266 

264 
263 
262 
260 
249 

247 
246 
244 
243 
242 



L Tan 



8.54 :i08 

8.54 6(i9 

8.55 027 

8.56 382 

8.55 734 

8.56083 

8.56 429 
8.66 773 
8.57114 

8.57 452 

8.57 788 

8.58 121 
8.58451 

8.58 779 
8.69 106 

8.59428 

8.59 749 
8.(X)0()8 

8.60 384 

8.60 6<)8 

8.61 009 
8.61 319 
8.61 626 

8.61 931 

8.62 234 

8.62 536 

8.62 834 

8.63 131 
8.63426 

8.63 718 

8.64009 
8.64298 

8.64 585 

8.64 870 

8.65 154 

8.65 4:« 
8.a5 715 
8.(« 9iW 

8.66 2(>9 
8.66543 

8.66 816 

8.67 087 
8.67 a')6 
8.67 624 
8.67 890 

8.68154 
8.()8417 
8.68678 
8.68938 
8.69 196 

8.69 453 
8.69 708 

8.69 9()2 

8.70 214 

8.70 4()5 

8.70714 
8.70962 

8.71 208 
8.71 453 
8.71 697 

8.71 940 



LCtn 



cd 



361 
368 
355 
352 
349 

346 
344 
341 
338 
336 

333 
330 
328 
326 
323 

321 
319 
316 
314 
311 

310 
307 
306 
303 
301 

299 
297 
296 
292 
291 
289 
287 
286 
284 
281 

280 
278 
276 
274 
273 

271 
269 
268 
266 
264 

263 
261 
260 
258 
267 

265 
264 
262 
251 
249 

248 
246 
246 
244 
243 



Cd 



LCtn 



.45 692 
.45 331 
.44 973 
.44 618 
.44 266 

.43 917 
.43671 
.43227 
.42 88<> 
.42 548 

.42 212 
.41 879 
.41549 
.41221 
.40 896 

.40 672 
.40 251 
.39932 
.39616 
.39302 

.38 991 
.38 681 
.38 374 
.38069 
.37 766 

.37 4a5 
.37166 
.36 869 
.36674 
.36 282 

.35 991 
.36 702 
.aj 415 
.:«130 
.34 846 

.34 565 
.34285 
.34007 
.33 731 
.33467 

.33184 
.32 913 
.32 644 
.32 376 
.32 110 

.31^6 
.31583 
.31 322 
.31062 
.30 804 

.30547 
.302<)2 
.30038 
.29 786 
.29535 

.29286 
.29038 
.28 792 
.28 547 
.28 303 

1.28060 



LTan 



LCos 



9.99974 
9.99 973 
9.99973 
9.99 972 
9.99 972 

9.99971 
9.99971 
9.99970 
9.99970 
9.99 969 

9.99969 
9.99968 
9.99968 
9.*«967 
9.99967 

9.99967 
9.*I9 9()6 
9.99966 
9.99 965 
9.99 964 

9.99964 
9.99963 
9.99963 
9.99 962 
9.99962 

9.99961 
9.9i) mi 
9.99 i)60 
9.99 9(i0 
9.99959 

9.99959 
9.99 958 
9.99958 
9.99957 
9.99956 

9.99 956 
9.99 955 
9.99955 
9.99954 
9.99 954 

9.99 953 
9.99 a52 
9.99 952 
9.99 951 
9.99 a")l 

9.99 950 
9.99 {►49 
9.99 949 
9.99 948 
9.99948 

9.99 \Wl 
9.99<)4(> 
9.99 94<) 
9.99 946 

9.99944 
9.99943 
9.99942 
9.99942 
9.99 941 

9.<)9 940 






LSin 



60 

59 
68 
57 
66 

55 

64 
63 
62 
51 

50 

49 
48 
47 
46 

45 

44 
43 
42 
41 

40 

39 
38 
37 
36 

85 

34 
33 
32 
31 

80 

29 
28 

27 
26 

25 

24 
23 
22 
21 

20 

19 
18 
17 
16 

15 

14 
13 
12 
11 

10 

9 
8 
7 
6 

5 

4 
3 
2 
1 



Prop. Pte. 



2 

a 

4 
5 
6 
7 
8 
9 



2 

3 

4 
5 
6 
7 
8 
9 



2 
3 
4 
6 
6 
7 
8 
9 



2 
3 

4 
5 
6 
7 
8 
9 



2 

3 

4 
5 
6 
7 
8 
9 



2 
3 

4 
6 
6 
7 
8 
9 



72 
108 
144 
180 
216 
252 
288 
324 



S40 

68 
102 
136 
170 
204 
238 
272 
306 



S20 

64 
96 
128 
160 
192 
224 
256 
288 



SOO 

60 
90 
120 
150 
180 
210 
240 
270 



S80 

56 
84 
112 
140 
168 
196 
224 
252 



260 

62 
78 
104 
130 
156 
182 
208 
234 



71.0 
106.6 
142.0 
177.6 
213.0 
248.6 
284.0 
319.5 



SSB 

67.0 
100.6 
134.0 
167.5 
201.0 
234.5 
268.0 
301.5 



S16 

63.0 
94.6 
126.0 
157.6 
189.0 
220.6 
252.0 
283.5 



896 

59.0 
88.5 
118.0 
147.5 
177.0 
206.5 
236.0 
265.6 



STB 

55.0 
82.6 
110.0 
137.6 
166.0 
192.5 
220.0 
247.6 



2B6 

51.0 
76.6 
102.0 
127.6 
153.0 
178.6 
204.0 
229.6 



860 

70 
106 
140 
176 
210 
246 
280 
316 



SSO 

66 
99 
132 
166 
198 
231 
264 
297 



SIO 

62 
93 
124 
155 
186 
217 
248 
279 



8»0 

58 
87 
116 
145 
174 
203 
232 
261 



STO 

64 
81 
108 
136 
162 
189 
216 
243 



8B0 

50 
75 
100 
125 
150 
175 
200 
226 



84B 

69.0 
103.5 
138.0 
172.5 
207.0 
241.6 
276.0 
310.5 



S2B 

65.0 
97JS 
130.0 
162.5 
195.0 
227.5 
260.0 
292.5 



SM 

61.0 
91.5 
122.0 
152.5 
183.0 
213.5 
244.0 
274.5 



2U 

57^ 
85.5 
114.0 
142.5 
171.0 
199.5 
228.0 
256.5 



S68 

53.0 
79Ji 
106.0 
132.5 
159.0 
185.5 
212.0 
238.5 



846 

49.0 
73.5 
98.0 
122.5 
147.0 
171.5 
196.0 
220.5 
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'd° -^ Logarithms of Trigonometric Functions 



4S 



LSin 





1 
2 
3 
4 

5 
6 

7 
8 
9 

10 

11 
12 
13 
14 

16 

16 
17 
18 
19 

20 

21 
22 
23 
24 

25 

26 
27 

28 
29 

30 

31 
32 
33 
34 

35 

36 
37 
38 
39 

40 

41 
42 
43 
44 

45 

46 
47 
48 
49 

50 

51 
52 
53 
54 

55 

56 
57 
58 
59 

60 



8.71880 
8.72 120 
8.72 359 
8.72 597 
8.72 834 

8.73069 
8.73303 
8.73535 
8.73767 
8.73997 

8.74 226 
8.74454 
8.74 680 

8.74 906 
8.75 130 

8.75 353 
8.75 575 

8.75 795 
8.76015 

8.76 234 

8.76451 
8.76667 
8.76883 

8.77 097 
8.77 310 

8.77522 

8.77 733 
8.77943 
8.78 152 

8.78 360 

8.78568 
8.78 774 

8.78 979 
8.79183 
8.79386 

8.79588 

8.79 789 
8.79990 
8.80189 
8.80388 

8.80585 
8.80782 
8.80978 
8.81 173 
8.81 367 

8.81560 

8.81 752 
8.81944 
8.82134 
8.82324 

8.82513 
8.82701 

8.82 888 
8.83075 
8.83261 

8.83446 
8.83630 
8.83813 

8.83 996 
8.84 177 

8.84 358 



LCoB 



240 
239 
238 
237 
236 

234 
232 
232 
230 
229 

228 
226 
226 
224 
223 
222 
220 
220 
219 
217 

216 
216 
214 
213 
212 

211 
210 
209 
208 
208 

206 
206 
204 
203 
202 

201 

201 

99 

99 

97 

97 
96 
96 
94 
93 
92 
92 
90 
90 
89 

88 
87 
87 
86 
85 

84 
83 
83 
81 
81 



LTan 



8.71 
8.72 
8.72 
8.72 
8.72 

8.73 
8.73 
8.73 
8.73 
8.74 

8.74 
8.74 
8.74 
8.74 
8.75 

8.75 
8.75 
8.75 
8.76 
8.76 

8.76 
8.76 
8.76 
8.77 
8.77 

8.77 
8.77 
8.78 
8.78 
8.78 

8.78 
8.78 
8.79 
8.79 
8.79 

8.79 
8.79 
8.80 
8.80 
8.80 

8.80 
8.80 
8.81 
8.81 
8.81 

8.81 
8.81 
8.82 
8.82 
8.82 

8.82 
8.82 
8.82 
8.83 
8.83 

8.83 
8.83 
8.83 
8.84 
8.84 

8.84464 



940 
181 
420 
659 
896 

132 
366 
600 
832 
063 

292 
521 
748 
974 
199 

423 
645 

867 
087 
306 

525 
742 
958 
173 
387 

600 
811 
022 
232 
441 

649 
855 
061 
266 
470 

673 
875 
076 
277 
476 

674 
872 
068 
264 
459 

653 
846 
038 
230 
420 

610 
799 
987 
175 
361 

547 
732 
916 
100 

282 



LCtn 



cd 



241 
239 
239 
237 
236 
234 
234 
232 
231 
229 

229 
227 
226 
225 
224 

222 
222 
220 
219 
219 

217 
216 
215 
214 
213 

211 
211 
210 
209 
208 

206 
206 
205 
204 
203 

202 

201 

201 

99 

98 

98 
96 
96 
95 
94 

93 
92 
92 
90 
90 

89 
88 
88 
86 
86 

85 
84 
84 
82 
82 



Cd 



LCtn 



.28 060 
.27 819 
.27 580 
.27 341 
.27104 

.26 868 
.26 634 
.26400 
.26168 
.25 937 

.25 708 
.26479 
.25 252 
.25026 
.24 801 

.24 677 
.24 355 
.24133 
.23913 
.23694 

.23475 
.23 258 
.23042 
.22 827 
.22613 

.22 400 
.22 189 
.21 978 
.21768 
.21 559 

.21351 
.21145 
.20939 
.20734 
.20530 

.20 327 
.20125 
.19 924 
.19 723 
.19624 

.19326 
.19 128 
.18 932 
.18 736 
.18 541 

.18 347 
.18 154 
.17 962 
.17 770 
.17 680 

.17 390 
.17 201 
.17013 
.16 825 
.16639 

.16453 
.16 268 
.16084 
.ISiKX) 
.15 718 

1.15 53() 



LGoB 



■\- 



9.99940 
9.99940 
9.99939 
9.99938 
9.99938 

9.99937 
9.99 936 
9.99936 
9.99935 
9.99934 

9.99934 
9.99933 
9.99932 
9.99932 
9.99931 

9.99930 
9.99929 
9.99929 
9.99928 
9.99 927 

9.99 926 
9.99926 
9.99925 
9.99 924 
9.99 923 

9.99923 
9.99922 
9.99921 
9.99920 
9.99 920 

9.99919 
9.99918 
9.99917 
9.99 917 
9.99 910 

9.99 915 
9.99914 
9.99 913 
9.99913 
9.99912 

9.99 911 
9.^)9910 
9.99909 
9.99909 
9.99908 

9.9i)907 
9.99 ^m 
9.99 905 
9.99904 
9.99 904 

9.99903 
9.99 902 
9.99 901 
9.99900 
9.99899 

9.99898 
9.99 898 
9.99 897 
9.99 896 
9 99 895 

9.m 894 



60 

59 
58 
57 
56 

55 

54 
53 
52 
61 

50 

49 
48 
47 
46 

45 

44 
43 
42 
41 

40 

39 
38 
37 
36 

35 

34 
33 
32 
31 

30 

29 
28 
27 
26 

25 

24 
23 
22 
21 

20 

19 
18 
17 
16 

15 

14 
13 
12 
11 

10 

9 

8 
7 
6 

5 

4 
3 
2 
1 
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241 

48.2 
72.3 
96.4 
120.5 
144.6 
168.7 
192.8 
216.9 

234 

46.8 
70.2 
93.6 
117.0 
140.4 
163.8 
187.2 
210.6 

226 

45.2 
67.8 
90.4 
113.0 
135.6 
158.2 
180.8 
203.4 

219 

43.8 
65.7 
87.6 
109.5 
131.4 
153.3 
175.2 
197.1 

211 

42.2 
63.3 
84.4 
105.5 
126.6 
147.7 
168.8 
189.9 

201 

40.2 
60.3 
80.4 
100.5 
120.6 
140.7 
160.8 
180.9 

193 

38.6 

57.9 

77.2 

96.5 

115.8 

135.1 

154.4 

173.7 

186 

37.2 

55.8 

74.4 

93.0 

111.6 

130.2 

148.8 

167.4 



239 

47.8 
71.7 
95.6 
119.5 
143.4 
167.3 
191.2 
215.1 

232 

46.4 
69.6 
92.8 
116.0 
139.2 
162.4 
185.6 
208.8 

224 

44.8 
67.2 
89.6 
112.0 
134.4 
156.8 
179.2 
201.6 

217 

43.4 
65.1 
86.8 
108.5 
130.2 
151.9 
173.6 
195.3 

208 

41.6 
62.4 
83.2 
104.0 
124.8 
145.6 
166.4 
187.2 

199 

39.8 

59.7 

79.6 

99.5 

119.4 

139.3 

159.2 

179.1 

192 

38.4 

57.6 

76.8 

96.0 

115.2 

134.4 

15.3.6 

172.8 

184 

36.8 

55.2 

73.6 

92.0 

110.4 

128.8 

147.2 

166.6 



237 

47.4 
71.1 
94.8 
118.5 
142.2 
165.9 
189.6 
213.3 

229 

45.8 
68.7 
91.6 
114.5 
137.4 
160.3 
183.2 
206.1 

222 

44.4 
66.6 
88.8 
111.0 
133.2 
155.4 
177.6 
199.8 

216 

43.0 
64.5 
86.0 
107.5 
129.0 
150.5 
172.0 
193.5 

206 

41.2 
61.8 
82.4 
103.0 
123.6 
144.2 
164.8 
185.4 

197 

39.4 

59.1 

78.8 

98.5 

118.2 

137.9 

157.6 

177.3 

190 

38.0 

57.0 

76.0 

95.0 

114.0 

1.33.0 

152.0 

171.0 

182 

36.4 

54.6 

72.8 

91.0 

109.2 

127.4 

145.6 

163.8 



2S6 

47.0 
70.5 
94.0 
117.5 
141.0 
164.5 
188.0 
211.5 

227 

45.4 
68.1 
90.8 
113.6 
136.2 
158.9 
181.6 
204.3 

220 

44.0 
66.0 
88.0 
110.0 
132.0 
154.0 
176.0 
198.0 

213 

42.6 
63.9 
85.2 
106.5 
127.8 
149.1 
170.4 
191.7 

I 

203 

40.6 
60.9 
81.2 
101.5 
121.8 
142.1 
162.4 
182.7 

195 

39.0 

58.5 

78.0 

97.5 

117.0 

136.5 

156.0 

175.5 

188 

37.6 

56.4 

75.2 

94.0 

112.8 

131.6 

150.4 

169.2 

181 

36.2 

54.3 

72.4 

90.5 

108.6 

126.7 

144.8 

162.9 
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4°— Logarithms of Trigonometric Funetions 



[ID 



LSin 





1 
2 
3 
4 

5 

6 
7 
8 
9 

10 

11 
12 
13 
14 

15 

16 
17 
18 
19 

20 

21 
22 
23 
24 

25 

26 

27 
28 
29 

30 

31 
32 

3:i 

34 

85 

36 
37 
38 
39 

40 

41 
42 
43 
44 

45 

46 
47 
48 
49 

50 

51 
52 
53 
64 

55 

56 
57 
58 
59 

60 



tzL 



8.H4 .'JoH 
%M 539 
8.84 718 

8.84 8i)7 

8.85 075 

8.85 252 
8.85 42<) 

8.85 605 
8a5 780 
8.851*55 

8.86 128 

8.86 301 
8.86 474 
8.86645 
8.86 816 

8.86 i)87 

8.87 156 
8.87 325 
8.87 494 
8.87 661 

8.87 829 

8.87 995 
8.88 161 

8.88 326 
8.88490 

8.88 654 
8.88 817 

8.88 980 
8.89 142 
8.89304 

8.89464 
8.89625 

8.89 784 
8.89943 
8.90 102 

8.90 2(i0 
8.90 417 
8.90574 

8.90 730 
8.90885 

8.91040 
8.91 195 
8.91 349 
8.91 502 
8.91655 

8.91807 

8.91 959 
8.92 110 

8.92 261 
8.92 411 

8.92 561 
8.92 710 

8.92 859 
8.93007 
8.93 154 

8.93 301 
8.93448 
8.93 594 
8.9i3 740 

8.93 885 

8.94 0;i0 



81 
79 
79 
78 
77 

77 
76 
76 
76 
73 

73 
73 
71 
71 
71 

69 
69 
69 
67 
68 

66 
66 
66 
64 
64 

63 
63 
62 
62 
60 

61 
69 
69 
69 
68 

67 
67 
66 
66 
66 

65 
64 
63 
63 
62 

62 
61 
61 
60 
60 

49 
49 
48 
47 
47 

47 
46 
46 
46 
46 



LCoB Id 



LTan 



8.84 4<)4 
8.84 (>4<> 

8.84 826 

8.85 00() 
8.85185 

8.85 363 
8.85 540 
8.85 717 

8.85 893 

8.86 0()9 

8.86 243 
8.8() 417 
S.m 591 
8.81) 7().3 

8.86 9;i5 

8.87 106 
8.87 277 
8.87 447 
8.87 616 
8.87 785 

8.87 a53 

8.88 120 
8.88 287 
8.88453 
8.88618 

8.88 783 

8.88 m8 
8.89111 

8.89 274 
8.89 437 

8.89 598 
8.89 760 

8.89 920 

8.90 080 
8.90 240 

8.90 399 
8.90 557 
8.90715 

8.90 872 
8.91 029" 

8.91 185 
8.91340 
8 91 4ft5 

8.91 650 
8.91 803 

8. 91 957 
8.92110 

8.92 262 
8.92 414 
8.92 565 

8.92 716 

8.92 866 

8.93 016 
8.93 1(;5 
8.93 313 

8.93 462 
8.93 609 
8.93 756 

8.93 903 

8.94 049 

8.94 195 



cd 



82 
80 
80 
79 
78 

77 
77 
76 
76 
74 

74 
74 
72 
72 
71 

71 
70 
69 
69 
68 

67 
67 
06 
66 
66 

66 
63 
63 
63 
61 

62 
60 
60 
60 
69 

68 
68 
57 
57 
66 

56 
56 
66 
53 
64 

53 
62 
62 
51 
61 

60 
60 
49 
48 
49 

47 
47 
47 
46 
46 



LOtn 



.15 5.36 
.15a')4 
.15 174 
.14i«>4 
.14 815 

.14637 
.14460 
.14 283 
.14 107 
.13931 

.13757 
.13583 
.13 409 
.13 237 
.13065 

.12 894 
.12 723 
.12 553 
.12 384 
.12 215 

.12047 
.11880 
.11 713 
.11547 
.11382 

.11 217 
.11052 
.10889 
.10 726 
.10563 

.10402 
.10 240 
.10080 
.09920 
.09 760 

.09601 
.09443 
.09 285 
.09128 
.08971 

.08 816 
.08660 
.08505 
.08 350 
.08197 

.08043 
.07 890 
.07 738 
.07 686 
.07 4^55 

.07 284 
.071:^ 
.06 984- 
.06 835 
.06 687 

.06538 
.0()391 
.06 244 
.06097 
.05 951 

1.05 805 



LOoB 



9.iH)894 
9.9i)893 
9.1>J)892 
9.99891 
9.99 891 

9.99890 
9.99889 
9.99 888 
9.99887 
9.ir9886 

9.99 885 
9.99884 
9.*»9883 
9.99 882 
9.99881 

9.99880 
9.99 879 
9.1K)879 
9.*>i)878 
9.99877 

9.99 876 
9.99875 
9.1>9874 
9.99873 
9.'.K)872 

9.<»871 
9.99 870 
9.99 8()9 
9.99 868 
9.i)9 867 

9.J)9 866 
9.i)9 8(>5 
9.99 8()4 
9.i)9 8()3 
9.99 8<>2 

9.99 861 
9.i>9 8()0 
9.99859 
9.9J)858 
9.99 857 

9.99 856 
9.99855 
9.99 854 
9.99 &53 
9.i)9852 

9.99 851 
9.99 850 
9.<H)848 
9.99 847 
9.99 846 

9.99 845 
9.99 844 
9.99 843 
9.9{)842 
9.99 841 

9.99840 
9.in)839 
9.99 838 
9.99 a37 
9.99 836 

9.99834 



LCtn lcd\ LTaai \ 'L^Va 



60 

59 
58 
57 
56 

55 

54 
53 
52 
51 

50 

49 
48 
47 
46 

45 

44 
43 
42 
41 

40 

39 
38 
37 
36 

85 

34 
33 
32 
31 

80 

29 
28 
27 
26 

25 

24 
23 
22 
21 

20 

19 
18 
17 
16 

15 

14 
13 
12 
11 

10 

9 
8 
7 
6 

5 

4 
3 
2 
1 





Prop. PtB. 



18S 



2 


36.4 


3 


54.6 


4 


72.8 


6 


91.0 


6 


109.2 


7 


127.4 


8 


145.6 


9 


163.8 




176 


2 


35.6 


3 


53.4 


4 


71.2 


5 


89.0 


6 


106.8 


7 


124.6 


8 


142.4 


9 


160.2 




1T4 


2 


34.8 


3 


52.2 


4 


69.6 


5 


87.0 


6 


104.4 


7 


121.8 


8 


139.2 


9 


156.6 




170 


2 


34.0 


3 


51.0 


4 


68.0 


5 


85.0 


6 


102.0 


7 


119.0 


8 


136.0 


9 


153.0 




166 


2 


33.2 


3 


49.8 


4 


06.4 


5 


83.0 


6 


99.6 


7 


116.2 


8 


132.8 


9 


149.4 




16S 


2 


1 32.4 


3 


48.6 


4 


64.8 


5 


81.0 


6 


97.2 


7 


113.4 


8 


129.6 


9 


145.8 




158 


2 


31.6 


3 


47.4 


4 


63.2 


6 


79.0 


6 


94.8 


7 


110.6 


8 


126.4 


9 


142.2 




154 


2 


30.8 


3 


46.2 


4 


61.6 


6 


77.0 


6 


92.4 


7 


107.8 


8 


123.2 


9 


138.6 



181 

36.2 

54.3 

72.4 

90.5 

108.6 

126.7 

144.8 

162.9 

177 

35.4 

53.1 

70.8 

88.5 

106.2 

123.9 

141.6 

159.3 

17S 

34.6 

51.9 

69.2 

86.5 

103.8 

121.1 

138.4 

155.7 

169 

33.8 

60.7 

67.6 

84.5 

101.4 

118.3 

135.2 

152.1 

166 

33.0 

49.5 

66.0 

82.5 

99.0 

115.5 

132.0 

148.5 

161 

32.2 

48.3 

64.4 

80.6 

96.0 

112.7 

128.8 

144.0 



167 

31.4 

47.1 

62.8 

78.5 

94.2 

109.9 

125.6 

141.3 

153 

30.6 

46.9 

61.2 

76.5 

91.8 

107.1 

122.4 

137.7 



160 

36.0 

54.0 

72.0 

90.0 

108.0 

126.0 

144.0 

162.0 

176 

35.2 

62.8 

70.4 

88.0 

105.6 

123.2 

140.8 

158.4 

172 

34.4 

51.6 

68.8 

86.0 

103.2 

120.4 

137.6 

154.8 

168 

33.6 

50.4 

67.2 

84.0 

100.8 

117.6 

134.4 

151.2 

164 

32.8 

49.2 

65.6 

82.0 

08.4 

114.8 

.131.2 

147.6 

160 

32.0 

48.0 

64.0 

80.0 

96.0 

112.0 

128.0 

144.0 



179 

35.8 

53.7 

71.6 

89.5 

107.4 

125.3 

143 2 

161.1 

176 

35.0 

52.5 

70.0 

87.5 

105.0 

122.5 

140.0 

157.5 

171 

34.2 

51.3 

68.4 

85.5 

102.6 

119.7 

136.S 

153.9 

167 

33.4 

50.1 

66.8 

83.5 

100.2 

116.9 

133.6 

150.3 

168. 

32.6 

48.9 

65.2 

81.5 

97.8 

114.1 

13a4 

146.7 

169 

31.8 

47.7 

63.6 

79.5 

95.4 

111.3 

1272 

143.1 



156 

31.2 

46.8 

62.4 

78.0 

93.6 

1092 

124.8 

140.4 

152 

30.4 

45.6 

60.8 

76.0 

91.2 

106.4 

121.6 

136.8 



166 

31.0 

46.5 

620 

. 77.6 

93.0 

108.5 

124.0 

139.5 

161 

30.2 

45.3 

60.4 

75J 

90.6 

105.7 

120.8 

136.9 
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6° — Logarithms of Trigonometric Functions 
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LSin 





1 
2 
3 
4 

6 

6 

7 
8 
9 

10 

11 
12 
13 
14 

16 

16 
17 
18 
19 

20 

21 
22 
23 
24 

25 

26 
27 

28 
29 

30 

31 
32 
33 
34 

35 

36 
37 

38 
39 

40 

41 
42 
43 
44 

45 

46 
47 
48 
49 

50 

51 
62 
53 
54 

55 

56 
67 
58 
59 

60 



8.94030 
8.*)4174 
8.94 317 
8.94461 
8.94603 

8.94 746 

8.94 887 
8.95029 

8.95 170 
8.95 310 

8.95450 
8.95 589 
8.95728 

8.95 867 
8.96005 

8.96 143 
8.96 280 
8.96 417 
8.96553 
8.96689 

8.96 825 

8.96 960 

8.97 095 
8.97 229 
8.97 363 

8.97496 
8.97 629 
8.97 762 

8.97 894 
8.98026 

8.98 157 

8.98 288 
8.98419 
8.98549 
8.98679 

8.98808 
8.98937 
8.99066 
8.99194 
8.99322 

8.99450 
8.99577 
8.99704 
8.99830 
8.99956 

9.00082 
9.00207 
9.00 332 
9.00456 
9.00581 

9.00 704 
9.00828 
9.00 951 
9.01074 
9.01 196 

9.01 318 
9.01440 
9.01 561 
9.01 682 
9.01803 

9.01923 



LCOB 



44 
43 
44 
42 
43 

41 
42 
41 
40 
40 

39 
39 
39 
38 
38 

37 
37 
36 
36 
36 

35 
35 
34 
34 
33 

33 
33 
32 
32 
31 

31 
31 
30 
30 
29 

29 
29 
28 
28 
28 

27 
27 
26 
20 
26 

25 
25 
24 
25 
23 
24 
23 
23 
22 
22 

22 
21 
21 
21 
20 



LTan 



8.94195 
8.»)4:i40 
8.94485 
8.946;% 
8.94 773 

8.94 917 

8.95 0(K) 
8.91 202 
8.95 344 
8.95 486 

8.95627 

8.95 767 
8.95908 

8.96 047 
8.96 187 

8.96 325 
8.96464 
8.96602 
8.96 739 

8.96 877 

8.97 013 
8.97 150 
8.97 285 
8.97421 
8.97 556 

8.97691 
8.97 825 

8.97 959 
8.98092 
8.98225 

8.98 358 
8.98 4tK) 
8.98622 

8.98 753 
8.98884 

8.99015 
8.99 145 

8.99 275 
8.99405 
8.99534 

8.99662 
8.99 791 
8.99919 
9.00046 
9.00 174 

9.00 301 
9.00427 
9.00 553 
9.00679 
9.00 805 

9.00 9;i0 
9.01055 
9.01 179 
9.01 303 
9.01 427 

9.01550 
9.01 673 
9.01 796 
9.01 918 
9.02040 

9.02 162 



LCtn 



cd 



45 
45 
45 
43 
44 

43 
42 
42 
42 
41 

40 
41 
39 
40 
38 

39 
38 
37 
38 
36 

37 
35 
36 
35 
35 
34 
34 
33 
33 
33 

32 
32 
31 
31 
31 

30 
30 
30 
29 
28 

29 
28 
27 
28 
27 

26 
26 
26 
26 
25 

25 
24 
24 
24 
23 

23 
23 
22 
22 
22 



LCtn 



cd 



05 805 
.05 im 

.05 515 
.05 370 
.05 227 

.05083 
.04 940 
.04 798 
.04 656 
.04 514 

.04 373 
.04 233 
.04 092 
.03 953 
.03 813 

.03675 
.03 5,S(> 
.0:^398 
.03 2<>1 
.03 123 

.02 987 
.02 850 
.02 715 
.02 579 
.02444 

.02 309 
.02 175 
.02041 
.01908 
.01 775 

.01642 
.01 510 
.01 378 
.01247 
.01 116 

.00 985 
.00 8.55 
.00 725 
.00 595 
.00466 

.00 338 
.00 209 
.00 081 
0.99 954 
0.99 826 

0.99 6<)9 
0.99 573 
0.99447 
0.99 321 
0.99 195 

0.99070 
0.98 945 
0.98 821 
0.9^697 
0.98573 

0.98450 
0.98 327 
0.98 204 
0.98082 
0.97 960 

0.97 8.38 



LGoB 



9.99 8.i4 
9.99 8:}3 
9.i)9 832 
9.iH)8-U 
9.99 830 

9.99829 
9.99 828 
9.W) 827 
9.in) 825 
9.99 824 

9.99 823 
9.99 822 
9.99 821 
9.iH) 820 
9.1H) 819 

9.99 817 
9.99 816 
9.9J)815 
9.1M814 
9.91* 813 

.9.99 812 
9.i>9 810 
9.99 809 
9.99 808 
9.99 807 

9.99 806 
9.99 804 
9.99 803 
9.99 802 
9.99 801 

9.9i)800 
9.99 798 
9.99 797 
9m 796 
9.9^)795 

9.99 793 
9.99 792 
9.i)9 791 
9.1H) 790 
9.99 788 

9.99 787 
9.99 78() 
9.99 785 
9.99 783 
9.f)9 782 

9.9i) 781 
9.99 780 
9.99 778 
9.99 777 
9.99 776 

9.99 775 
9.1>9 773 
9.99 772 
9.99 771 
9.99 769 

9.99 768 
9.99 767 
9.99 765. 
9.99 7()4 
9.99 763 

9.99 761 



60 

59 
58 
57 
56 

55 

54 
53 
52 
51 

50 

49 
48 
47 
46 

45 

44 
43 
42 
41 

40 

39 
38 
37 
36 

85 

:m 
3:^ 

32 
31 

30 

29 
28 
27 
2() 

25 

24 
23 
22 
21 

20 

19 
18 
17 
16 

15 

14 
13 
12 
11 

10 

9 

8 

7 
6 

5 

4 
3 

2 
1 



Prop. Pts. 





150 


2 


30.0 


3 


45.0 


4 


60.0 


6 


75.0 


6 


90.0 


7 


105.0 


8 


120.0 


9 


135.0 




146 


2 


29.2 


3 


43.8 


4 


58.4 


5 


73.0 


6 


87.6 


7 


102.2 


8 


116.8 


9 


131.4 




142 


2 


28.4 


3 


42.6 


4 


56.8 


5 


71.0 


6 


85.2 


7 


99.4 


8 


113.6 


9 


127.8 




138 


2 


27.6 


3 


41.4 


4 


55.2 


5 


69.0 


6 


82.8 


7 


96.6 


8 


110 4 


9 


124.2 




184 


2 


26.8 


3 


40.2 


4 


53.6 


5 


67.0 


6 


80.4 


7 


93.8 


8 


107.2 


9 


120.6 



130 

26.0 
39.0 
52.0 
65 
78.0 
91.0 
104.0 
117.0 

126 

25.2 
37.8 
50.4 
63.0 
75.6 
88.2 
100.8 
113.4 



149 

29.8 

44.7 

59.6 

74.5 

89.4 

104.3 

119.2 

134.1 

145 

29.0 

43.5 

58.0 

72.5 

87.0 

101.5 

116.0 

130.5 

141 

28.2 
42.3 
56.4 
70.5 
84.6 
98.7 
112.8 
126.9 

187 

27.4 
41 1 
54.8 
68.5 
82.2 
95.9 
109.6 
123.3 

133 

26.6 
399 
53.2 
66.5 
79.8 
93.1 
106.4 
119.7 

129 

25.8 
38.7 
51.6 
64.5 
77.4 
90.3 
103.2 
116.1 

125 

25.0 
37.5 
50.0 
62.5 
75.0 
87.5 
100.0 
112.5 



148 

29.6 

44.4 

59.2 

74.0 

88.8 

103.6 

118.4 

133.2 

144 

28.8 

43.2 

57.6 

72.0 

86.4 

100.8 

115.2 

129.6 

140 

28.0 
42.0 
56.0 
70.0 

a*.o 

98.0 
112.0 
126.0 

136 

27.2 
40.8 
54.4 
68.0 
81.6 
95.2 
108.8 
122.4 

182 

26.4 
39.6 
52.8 
66.0 
79.2 
92.4 
105.6 
118.8 

188 

25.6 
38.4 
51.2 
64.0 
76.8 
89.6 
102.4 
116.2 

124 

24.8 
37.2 
49.6 
62.0 
74.4 
86.8 
99.2 
111.6 



147 

29.4 

44.1 

58.8 

73.5 

88.2 

102.9 

117.6 

132.3 

148 

28.6 

42.9 

57 2 

71.5 

85.8 

100.1 

114.4 

128.7 

189 

27.8 
41.7 
55.6 
69.5 
83.4 
97.3 
111.2 
125.1 

136 

27.0 
40.5 
54.0 
67.5 
81.0 
94.5 
108.0 
121.5 

181 

26.2 
39.3 
52.4 
65.5 
78.6 
91.7 
104.8 
117.9 

187 

25.4 
38.1 
50.8 
63.5 
76.2 
88.9 
101.6 
114.3 

128 

24.6 
36.9 
49.2 
615 
73.8 
86.1 
98.4 
110.7 



128 

24.4 
36.6 
48.8 
61.0 
73.2 
85.4 
97.6 
109.8 



181 

24.2 
36 
48 
60 
72 
84 
96.8 
108.9 



180 

24.0 
36.0 
48.0 
60.0 
72.0 
84.0 
96.0 
108.0 
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6"" — Logarithms of Trigonometric Functions 



[in 



LSin 





1 
2 
3 
4 

5 

6 

7 
8 
9 

10 

11 
12 
13 
14 

15 

1() 
17 
18 
19 

20 

21 
22 
23 
24 

25 

26 
27 

28 
29 

80 

31 
32 
33 

3:1 

85 

36 
37 
38 
39 

40 

41 
42 
43 
44 

45 

46 
47 
48 
49 

50 

51 
52 
63 
54 

55 

66 
57 
58 
59 

60 



9.01 »>23 

9.02 (H3 
9.02 163 
9.02 283 
9.02402 

9.02 620 
9.02639 
9.02 767 
9.02 874 

9.02 992 

9.03109 
9.03226 

9.03 342 
9.03468 

9.03 574 

9.03690 
9.03806 
9.03920 
9.04034 
9.04 149 

9.04262 

9.04 376 
9.04490 
9.04603 
9.04 715 

9.04 828 

9.04 940 
9.05052 
9.06 164 
9.06 275 

9.05 386 
9.05 497 

9.05 607 

9.06 717 

9.05 827 

9.06 937 
9.06046 
9.06166 
9.06 264 
9.06 372 

9.06481 
9.06689 
9.06 696 

9.06 804 
9.06911 

9.07 018 
9.07 124 
9.07 231 
9.07 337 
9.07 442 

9.07 548 
9.07 653 
9.07 768 
9.07 863 

9.07 968 

9.08072 

9.08 17(5 
9.08 280 
9.08383 
9.08486 

9.08589 



LCoB 



20 

20 

20 

9 

8 

9 

8 
7 
8 
7 

7 
6 
6 
6 
6 

6 
6 

4 
5 
3 
4 
4 
3 
2 
3 

2 
2 
2 
1 
1 

1 





09 
09 
09 
08 
09 

08 
07 
08 
07 
07 

06 
07 
06 
05 
06 

05 
05 
05 
05 
04 

04 
04 
03 
03 
03 



LTan 



9.02 162 
9.02 283 
9.02404 
9.02 625 
9.02645 

9.02 766 

9.02 885 
9.03005 
9.03124 

9.03 242 

9.03 3()1 
9.03479 
9.03 697 
9.03 714 
9.03 832 

9.03 948 
9.04065 
9.04 181 

9.04 297 
9.04413 

9.04628 
9.04643 
9.04 768 
9.04 873 

9.04 987 

9.05 101 

9.05 214 
9.05 328 

9.05 441 

9.06 563 

9.06 666 
9.06 778 
9.06 890 
9.0(>002 
9.06 113 

9.0(i 224 
9.06 :iJ5 
9.0() 446 
9.06656 
9.06 tm 

9.06 775 
9.0() 886 

9.06 994 

9.07 103 
9.07 211 

9.07 320 
9.07 428 
9.07 536 
9.07 ()43 
9.07 751 

9.07 858 

9.07 964 

9.08 071 
9.08 177 
9.08 283 

9.08 389 
9.08 495 
9.08 6(X) 
9.08 706 
9.08 810 

9.08 914 



cd 



LCtn 



21 
21 
21 
20 
21 

19 

20 

9 

8 

9 

8 
8 
7 
8 
6 

7 
6 
6 
6 
5 

5 
5 
5 

4 
4 

3 

4 
3 
2 
3 

2 
2 
2 

1 
1 

1 

1 

09 

10 
09 
09 
08 
TOO 

08 
08 
07 
08 
07 

06 
07 
06 
06 
06 

06 
05 
05 
05 
04 



LCtn 



cd 



0.97 838 
0.97 717 
0.97 596 
0.97 476 
0.97355 

0.97 234 
0.97 115 
0.96995 
0.96 876 
0.96 758 

0.96 639 
0.96 521 
0.96403 
O.J)6 286 
0.96168 

0.96 052 
0.95 936 
0.95 819 
0.95 703 
0.95 587 

0.96 472 
0.95 367 
0.96 242 
0.95127 
0.96 013 

0.94 899 
0.94 786 
0.94672 
0.94669 
0.94447 

0.94 334 
0.94 222 
0.94 110 
0.93 998 
0.93887 

0.93 776 
0.93665 
0.93555 
0.93444 
0.93 334 

0.93 226 
0.93 116 
0.93006 
0.92 897 
0.92 789 

0.92680 
0.92 672 
0.92 464 
0.92 357 
0.92 249 

0.92 142 
0.92036 
0.91 929 
0.91 823 
0.91 717 

0.91 611 
0.91 505 
0.91400 
0.91 295 
0.91 190 

0.91086 



LTaa 



LOoB 



9.99761 
9.99760 
9.99759 
9.99757 
9.99 766 

9.99755 
9.99763 
9.99752 
9.99751 
9.99749 

9.99 748 
9.99747 
9.99 745 
9.99744 
9.99742 

9.99 741 
9.99740 
9.99738 
9.99737 
9.99736 

9.99734 
9.99733 
9.99731 
9.99 730 
9.99 728 

9.99727 
9.<)9726 
9.99 724 
9.99723 
9.99 721 

9.99720 
9.99718 
9.99717 
9.99716 
9.99714 

9.99713 
9.99711 
9.99710 
9.99708 
9.99707 

9.99705 
9.99704 
9.99702 
9.99701 
9.i)9699 

9.99698 
9.9<)696 
9.99695 
9.99693 
9.99692 

9.99 ()90 
9.99 (>89 
9.99 687 
9.99686 
9.99684 

9.9<)683 
9.99681 
9.99 <^ 
9.99678 
9.^)9677 

9.W675 



LSixL 



60 

59 
58 
57 
56 

55 

54 
53 
52 
51 

50 

49 
48 
47 
46 

45 

44 
43 
42 
41 

40 

39 
38 
37 
36 

85 

34 
33 
32 
31 

80 

29 

28 
27 
26 

25 

24 
23 
22 
21 

20 

19 
18 
17 
16 

15 

14 
13 
12 
11 

10 

9 
8 
7 
6 

5 

4 
3 
2 
1 





Prop. PtB. 



isi 

24.2 
36.3 
48.4 
60.6 
72.6 
84.7 
96.8 



ISO 

24.0 
36.0 
48.0 
60.0 
72.0 
84.0 
06.0 



108.9 108.0 



IIT 

23.4 
35.1 
46.8 
58.5 
70.2 
81.9 
93.6 



116 

23.2 
34.8 
40.4 
58.0 
69.6 
81.2 
92.8 



106.3 104.4 



118 

22.6 
33.9 
45.2 
66.6 
67.8 
79.1 
90.4 
101.7 



109 

21.8 
32.7 
43.6 
64.6 
66.4 
76.3 
87.2 
08.1 



lis 

22.4 
33.6 
44.8 
66.0 
67.2 
78.4 
89.6 
100.8 



108 

21.6 
32.4 
43.2 
64.0 
64.8 
76.6 
86.4 
97.2 



lit 

23.8 
36.7 
47.6 
60.6 
71.4 
83.3 
05.2 
107.1 



110 

23.0 
34.6 
46.0 
67.6 
69.0 
80.6 
92.0 
103.6 



111 

22.2 
33.3 
44.4 
66.6 
66.6 
77.7 
88.8 
99.9 



lOT 

21.4 
32.1 
42.8 
63.6 
64.2 
74.9 
86.6 
96.3 



118 

23.6 
35.4 
47.2 
69.0 
70.8 
82.6 
94.4 
106.2 



114 

22.8 
34.2 
45.6 
57.0 
68.4 
79.8 
91.2 
102.6 



UO 

22.0 
33.0 
44.0 
55.0 
66.0 
77.0 
88.0 
99.0 



106 

21.2 
31.8 
42.4 
63.0 
63.6 
74-2 
84.8 
96.4 



From the top: 

For 6**+ or 186°+, 
read as printed; for 
96°+ or 276°+, read 
co-function. 

From the bottom : 

For 88°+ or 268°+, 
read as printed; for 
178°+ or 863°+, read 
co-function. 
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LSin 





1 
2 
3 
4 

5 

6 
7 
8 
9 

10 

11 
12 
13 
14 

16 

16 
17 
18 
19 

20 

21 
22 
23 
24 

25 

26 

27 
28 
29 

80 

31 
32 
33 
34 

35 

36 
37 
38 
39 

40 

41 
42 
43 
44 

45 

46 
47 
48 
49 

50 

51 
52 
53 
54 

55 

56 
57 
58 
59 

60 



9.08589 
9.08692 
9.08795 

9.08 897 
9.08999 

9.09101 
9.09202 
9.09304 
9.09405 
9.09506 

9.09606 
9.09707 
9.09807 

9.09 9or 
9.10006 

9.10 106 
9.10205 

9.10 304 
9.10402 
9.10501 

9.10599 
9.10697 
9.10 795 
9.10 893 

9.10 990 

9.11 087 
9.11 184 
9.11 281 

9.11 377 
9.11474 

9.11570 
9.11666 
9.11 761 
9.11 857 
9.11952 

9.12047 
9.12 142 

9.12 236 
9.12331 
9.12425 

9.12519 
9.12612 
9.12 706 
9.12 799 
9.12 892 

9.12 985 
9.13078 
9.13171 
9.13263 
9.13355 

9.13447 
9.13539 
9.13630 
9.13722 
9.13813 

9.13904 
9.13994 
9.14085 
9.14175 
9.14266 

9.14 356 



03 
03 
02 
02 
02 

01 
02 
01 
01 
00 

01 
00 
00 
99 
100 

99 
99 
98 
99 
98 

98 
98 
98 
97 
97 

97 
97 
96 
97 
96 

96 
96 
96 
95 
96 

95 
94 
95 
94 
94 

93 
94 
93 
93 
93 

93 
93 
92 
92 
92 

92 
91 
92 
91 
91 

90 
91 
90 
91 
90 



LTan 



9.08914 
9.09019 
9.09 123 
9.09227 
9.09330 

9.09434 
9.09537 

9.09 640 
9.09742 
9.09815 

9.09947 
9.10049 
9.10 150 
9.10252 

9.10 353 

9.10454 
9.10655 
9.10656 
9.10756 
9.10 856 

9.10956 
9.11066 
9.11 155 
9.11254 
9.11353 

9.11452 
9.11 661 
9.11 649 
9.11 747 
9.11845 

9.11943 
9.12040 
9.12138 
9.12 235 
9.12 332 

9.12428 
9.12 625 
9.12621 
9.12 717 

9.12 813 

9.12909 
9.13004 
9.13099 
9.13 194 

9.13 289 

9.13384 
9.13478 

9.13 573 
9.13667 
9.13761 

9.13854 
9.13948 
9.14041 
9.14134 

9.14 227 

9.14 320 
9.14 412 
9.14 504 
9.14597 

9.14688 

9.14 780 



cd 



05 
04 
04 
03 
04 

03 
03 
02 
03 
02 
02 

01 
02 
01 
01 

01 
01 
00 
00 
00 

00 
99 
99 
99 
99 

99 
98 
98 
98 
98 

97 
98 
97 
97 
96 

97 
96 
96 
96 

96 
95 
95 
95 
95 
95 
94 
95 
94 
94 
93 

94 
93 
93 
93 
93 

92 
92 
93 
91 
92 



LCoB J d / LCta j cd 



LGta 



0.91 086 
0.90981 
0.90877 
0.90773 
0.90670 

0.90566 
0.90463 
0.90 360 
0.90268 
0.90166 

0.90063 
0.89951 
0.89 860 
0.89 748 
0.8S647 

0.89646 
0.89445 
0.89 344 
0.89 244 
0.89 144 

0.89044 
0.88944 
0.88 845 
0.88 746 
0.88647 

0.88648 
0.88 449 
0.88 361 
0.88 253 
0.88166 

0.88057 
0.87 960 
0.87 862 
0.87 765 
0.87 668 

0.87 672 
0.87 476 
0.87 379 
0.87 283 
0.87 187 

0.87091 
0.86 996 
0.86 901 
0.86 806 
0.86 711 

0.86 616 
0.86622 
0.86 427 
0.86 333 
0.86 239 

0.86146 
0.86052 
85 959 
0.85 866 
0.85 773 

0.85 680 
0.85 588 
0.85 496 
0.a^403 
0.85312 

0.85 220 



LGoB 




9.99676 


60 


9.99674 


59 


9.99672 


58 


9.99670 


57 


9.99669 


66 


9.99667 


55 


9.99666 


54 


9.99664 


53 


9.99663 


62 


9.99661 


61 


9.99669 


50 


9.<»9658 


49 


9.99 656 


48 


9.99665 


47 


9.99653 


46 


9.99651 


45 


9.99650 


44 


9.99648 


43 


9.99647 


42 


9.99645 


41 


9.99643 


40 


9.99642 


39 


9.99 640 


38 


9.99638 


37 


9.99637 


36 


9.99635 


85 


9.99633 


34 


9.99632 


33 


9.99630 


32 


9.99629 


31 


9.99627 


30 


9.99626 


29 


9.99624 


28 


9.99622 


27 


9.99620 


26 


9.99618 


25 


9.99617 


24 


9.99616 


23 


9.99613 


22 


9.99612 


21 


9.99610 


20 


9.99608 


19 


9.99607 


18 


9.99 605 


17 


9.99 (K)3 


16 


9.99601 


15 


9.99600 


14 


9.99598 


13 


9.99696 


12 


9.99696 


11 


9.99593 


10 


9.99591 


9 


9.99689 


8 


9.99 588 


7 


9.99 586 


6 


9.99584 


5 


9.99582 


4 


9.99581. 


3 


9.99579 


2 


9.99 577 


1 


9.99575 






Prop. Pts. 



105 


104 


108 


21.0 


20.8 


20.6 


31.5 


31.2 


30.9 


42.0 


41.6 


41.2 


62.6 


52.0 


51.5 


63.0 


62.4 


61.8 


73.5 


72.8 


72.1 


84.0 


83.2 


82.4 


94.5 


93.6 


92.7 



101 


99 


98 


20.2 


19.8 


19.6 


30.3 


29.7 


29.4 


40.4 


39.6 


39.2 


50.5 


49.5 


49.0 


60.6 


69.4 


58.8 


70.7 


69.3 


68.6 


80.8 


79.2 


78.4 


90.9 


89.1 


88.2 



96 


95 


94 


19.2 


19.0 


18.8 


28.8 


28.5 


28.2 


38.4 


38.0 


37.6 


48.0 


47.5 


47.0 


57.6 


57.0 


66.4 


67.2 


66.5 


65.8 


76.8 


76.0 


75.2 


86.4 


85.5 


84.6 



102 

20.4 
30.6 
40.8 
51.0 
61.2 
71.4 
81.6 
91.8 

97 

19.4 
29.1 
38.8 
48.5 
68.2 
67.9 
77.6 
87.3 

93 

18.6 
27.9 
37.2 
46.5 
55.8 
66.1 
74.4 
83.7 



92 91 90 

2 18.4 18.2 18.0 

3 27.6 27.3 27.0 

4 36.8 36.4 36.0 

5 46.0 45.5 45.0 

6 65.2 54.6 54.0 

7 64.4 63.7 63.0 

8 73.6 72.8 72.0 

9 82.8 81.9 81.0 



From the top : 

For 7°+ or 187°+, 
read as printed ; for 
97°+ or 277°+, read 
co-function. 

From the bottom : 

For 82°+ or 262°+, 

read as printed ; for 
172°+ or 862°+, read 
co-function. 
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8° — Logarithms of Trigonometric Fnnctions 



pn 



LSin 





1 
2 
3 
4 

5 

6 
7 
8 
9 

10 

11 
12 
13 
14 

15 

16 
17 
18 
19 

20 

21 
22 
23 
24 

25 

26 
27 
28 
29 

30 

31 
32 
3;? 
34 

35 

36 
37 
38 
39 

40 

41 
42 
43 
44 

45 

46 

47 
48 
49 

50 

51 
52 
53 

54 

55 

56 
57 
58 
59 

60 



9.14 356 
9.14 445 
9.145:35 
9.14 624 
9.14 714 

9.14 803 
9.14 891 

9.14 980 

9.15 069 
9.15 157 

9. 15 245 
9.15 333 
9.15421 
9.15 508 
9.15 596 

9.15 683 
9.15 770 
9.15 857 

9.15 944 
9.16030 

9.16116 

9.16 203 
9.16 289 
9.16 374 
9.16460 

9.16 545 
9.16 631 
9.16 716 
9.16 801 
9.16 886 

9.16 970 

9.17 or>5 
9.17 139 
9.17 223 
9.17 307 

9.17 391 
9.17 474 
9.17 558 

9.17 en 

9.17 724 

9.17 807 
9.17 890 

9.17 973 

9.18 055 
9.18137 

9.18220 
9.18 302 
9.18 1383 
9.18465 
9.18547 

9.18628 
9.18 709 
9.18 7i)0 

9.18 871 
9.18952 

9.19033 
9.19113 
9.19 193 

9.19 273 
9.19 353 

9.19433 



LTan 



89 
90 
89 
90 
89 

88 
89 
89 
88 
88 

88 
88 
87 
88 
87 

87 
87 
87 
8G 
86 

87 
86 
85 
86 
85 

86 
85 
85 
85 
84 

85 
84 
84 
.84 
84 

83 
84 
83 
83 
83 

83 
83 
82 
82 
83 

82 
81 
82 
82 
81 

81 
81 
81 
81 
81 

80 
80 
80 
80 
80 



L Cos I d 



9.14 780 
9.14 872 

9.14 963 

9.15 054 
9.15 145 

9.15 236 
9.15 327 
9.15 417 
9.15 508 
9.15 598 

9.15 688 
9.15 777 
9.15 867 

9.15 9r)6 

9.16 046 

9.16 135 
9.16 224 
9.16 312 
9.16 401 
9.16 489 

9.16 577 
9.16 665 
9.16 753 

9.16 841 
9.16 1>28 

9.17 016 
9.17 103 
9.17 liK) 
9.17 277 
9.17 363 

9.17 450 
9.17 5.% 
9.17 622 
9.17 708 
9.17 794 

9.17 880 

9.17 965 

9.18 051 
9.18 i;36 
9.18 221 

9.18 306 
9.18 391 
9.18475 
9.18 560 
9.18 (J44 

9.18 728 
9.18 812 
9.18 896 

9.18 979 

9.19 0()3 

9.19 146 
9.19 229 
9.19 312 
9.19 395 
9.19 478 

9.19 5()1 
9.19 643 
9.19 725 
9.19 807 
9.19 889 

9.19 971 



LCtn 



Cd 



92 
91 
91 
91 
91 

91 
90 
91 
90 
90 

89 
90 
89 
90 
89 

89 
88 
89 
88 
88 

88 
88 
88 
87 
88 

87 
87 
87 
86 
87 

86 
86 
86 
86 
86 

85 
86 
85 
85 
85 

85 
84 
85 
84 
84 

84 
84 
83 
84 
83 

83 
83 
83 
83 
83 

82 
82 
82 
82 
82 



LCtn 



0.85 220 
0.85 128 
0.85037 
0.84 946 
0.84 855 

0.84 764 
0.84673 
0.84 583 
0.84 492 
0.84 402 

0.84 312 
0.84 223 
0.84 i:i3 
0.84 044 
0.83 954 

0.83 8(55 
0.83 77(> 
0.83 688 
0.83 599 
0.83 511 

0.83 423 
0.83 335 
0.83 247 
0.8.3 l.'i9 
0.83072 

0.82 984 
0.82 897 
0.82 810 
0.82 723 
0.82 637 

0.82 5.T0 
0.82 464 
0.82 378 
0.82 292 
0.82 206 

0.82 120 
0.82035 
0.81 949 
0.81864 
0.81 779 

0.81 694 
0.81 609 
0.81 525 
0.81440 
0.81356 

0.81 272 
0.81 188 
0.81 104 
0.81 021 
0.80 937 

0.80 8,54 
0.80 771 
0.80 688 
0.80 (505 
0.80 522 

0.804.39 
0.80 a57 
0.80 275 
0.80 193 
0.80111 

0.80 029 



LOoB 



9.J)9575 
9.99.574 
9.i)9572 
9.99570 
9.99 568 

9.99566 
9.99565 
9.99563 
9.99 661 
9.99559 

9.99557 
9.99556 
9.^)9554 
9.99.562 
9.99550 

9.*)9548 
9.*)9 546 
9.W545 
9.99543 
9.99 541 

9.99539 
9.i)9 537 
9.9<)536 
9.99533 
9.99 532 

9.99 530 
9.99 528 
9.99 526 
9.99 524 
9.*)9522 

9.99 520 
9.99518 
9.99617 
9.99515 
9.9J)513 

9.99 511 
9.99509 
9.99507 
9.99505 
9.99503 

9.99501 
9.99499 
9.99497 
9.99495 
9.99494 

9.W492 
9.99490 
9.99488 
9.9Q486 
9.99484 

9.99482 
9.99480 
9.99 478 
9.99 476 
9.99 474 

9.99472 
9.9<)470 
9.99468 
9.9946(5 
9.99 4(>4 

9.99462 



cd\ LTan \ "L^iu 



60 

69 
68 
57 
66 

55 

64 
63 
62 
61 

50 

49 
48 
47 
46 

45 

44 
43 
42 
41 

40 

39 
38 
37 
36 

85 

34 
33 
32 
31 

80 

29 
28 
27 
26 

25 

24 
23 
22 
21 

20 

19 
18 
17 
16 

15 

14 
13 
12 
11 

10 

9 
8 
7 
6 

5 

4 
3 
2 
1 





Prop. Pt8. 





92 


91 


90 


2 


18.4 


18.2 


18.0 


3 


27.6 


27.3 


27.0 


4 


36.8 


36.4 


36.0 


6 


460 


46.5 


45.0 


6 


55.2 


54.6 


54.0 


7 


64.4 


63.7 


63.0 


8 


73.6 


72.8 


72.0 


9 


82.8 


81.9 


81.0 



89 

17.8 
26.7 
35.6 
44.5 
53.4 
62.3 
71.2 
80.1 



2 
3 
4 
6 
6 
7 
8 
9 



88 


87 


17.6 


17.4 


26.4 


26.1 


35.2 


34.8 


44.0 


43.5 


62.8 


62.2 


61.6 


60.9 


70.4 


69.6 


79.2 


78.3 





85 


84 


2 


17.0 


16.8 


3 


26.5 


26.2 


4 


34.0 


33.6 


6 


42.6 


42.0 


6 


51.0 


50.4 


7 


59.5 


68.8 


8 


68.0 


67.2 


9 


76.6 


76.6 



2 
3 
4 
6 
6 
7 
8 
9 



82 


81 


16.4 


16.2 


24.6 


24.3 


32.8 


32.4 


41.0 


40.5 


49.2 


48.6 


67.4 


56.7 


65.6 


64.8 


73.8 


72.9 



86 

17.2 
25.8 
34.4 
43.0 
51.6 
60.2 
68.8 
77.4 



83 

16.6 
24.9 
33.2 
41.5 
49.8 
68.1 
66.4 
74.7 



80 

16.0 
24.0 
32.0 
40.0 
48.0 
66.0 
64.0 
72.0 



Fro7n the top : 

For8°+orl88<'+,read 
as printed ; for 98°+ or 
278°+, read co-function. 

From the bottom : 

For 81°+ or 261°+, 

read as printed ; for 
171°+ or 851°+, read 
co-function. 



■Pro^. Pts. 
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LSin 



9.19 438 
9.19513 
9.19592 
9.19672 
9.19751 

9.19830 
9.19909 

9.19 988 
9.20067 
9.20145 

9.20 223 
9.20 302 
9.20 380 
9.20 458 

9.20 535 

9.20613 
9.20691 
9.20768 
9.20845 
9.20922 

9.20999 
9.21 076 

9.21 153 
9.21229 
9.21306 

9.21 382 
9.21 458 
9.21534 
9.21 610 
9.21685 

9.21 761 
9.21836 
9.21 912 

9.21 ml 
9.22062 

9.22137 

9.22 211 
9.22 286 
9.22 361 
9.22 435 

9.22509 
9.22683 
9.22657 
9.22 731 
9.22 805 

9.22878 

9.22 <I52 

9.23 025 
9.23098 
9.23 171 

9.23244 
9 23 317 
9.23 390 
9.23462 
9.23 535 

9.23607 
9.23679 
9.23 752 
9.23823 
9.23895 

9.23967 



LCoB 



80 
79 
80 
79 
79 

79 
79 
79 

78 
78 

79 
78 
78 
77 
78 

78 
77 
77 
77 
77 

77 
77 
76 
77 
76 

76 
76 
76 
76 
76 

76 
76 
76 
76 
76 

74 
76 
76 

74 
74 

74 
74 
74 
74 
73 
74 
73 
73 
73 
73 

73 
73 
72 
73 
72 

72 
73 
71 
72 
72 



LTan 



9.19 
9.20 
9.20 
9.20 
9.20 

9.20 
9.20 
9.20 
9.20 
9.20 

9.20 
9.-20 
9.20 
9.21 
9.21 

9.21 
9.21 
9.21 
9.21 
9.21 

9.21 
9.21 
9.21 
9.21 
9.21 

9.21 
9.22 
9.22 
9.22 
9.22 

9.22 
9.22 
9.22 
9.22 
9.22 

9.22 
9.22 

9.22 
9.23 

9.23 
9.23 
9.23 
9.23 
9.23 

9.23 
9.23 
9.23 
9.23 
9.23 

9.23 
9.23 
9.24 
9.24 
9.24 

9.24 
9.24 
9.24 
9.24 
9.24 

9.24 



971 
053 
134 
216 
297 

378 
459 
540 
()21 
701 

782 
8<)2 
942 
022 
102 

182 
261 
341 
420 
499 

678 
6.->7 
736 
814 
893 

971 

049 

127, 

20, 

283 

361 
438 
616 
693 
670 

747 
824 
901 
977 
054 

130 
206 
283 
'Sod 
435 

510 
58(5 
661 
737 
812 

887 
<>62 
037 
112 

186 

261 
335 
410 
484 
558 

632 



^' 



d I LCtn 



cd 



82 
81 
82 
81 
81 

81 
81 
81 
80 
81 

80 
80 
80 
80 
80 

79 
80 
79 
79 
79 

79 
79 
78 
79 
78 

78 
78 
78 
78 
78 

77 
78 
77 

77 
77 

77 
77 
76 
77 
76 

76 
77 
76 
76 
75 

76 
76 
76 
75 
76 

75 
75 
76 
74 
76 

74 
76 

74 
74 
74 



LCtn 



cd 



0.80 029 
0.79 <)47 
0.798()(> 
0.79 784 
0.79 703 

0.79622 
0.79541 
0.79460 
0.79379 
0.79299 

0.79 218 
0.79 1:J8 
0.79058 
0.78 978 
0.78 898 

0.78818 
0.78 739 
0.78 659 
0.78 580 
0.78 501 

0.78422 
0.78 :i43 
0.78 2(V4 
0.78 18f) 
0.78 107 

0.78029 
0.77 951 
0.77 873 
0.77 795 
0.77 717/ 

0.77 639/ 
0.77 662 
0.77 484 
0.77 407 
0.77 330 

0.77 2r.3 
0.77 176 
0.77 099 
0.77023 
0.76 946 

0.76 870 
0.76 794 
0.76 717 
0.76641 
0.76 5<)5 

0.76 490 
0.76414 
0.76 339 
0.76 2()3 
0.76 188 

0.76113 
0.76 038 
0.75 9()3 
0.75 888 
0.75 814 

0.75 739 
0.75 6(>5 
0.75 590 
0.75 510 
0.75 442 

0.75 3' 18 



LCoB 



9.99 462 
9.99 4()0 
9.t>9458 
9.99456 
9.99 4r>4 

9.99 452 
9.<)9450 
9.iH)448 
9.99 446 
9.99444 

9.*)9442 
9.»)9440 
9.99438 
9.99436 
9.99 43i 

9.i)<)432 
9.*H)429 
9.99427 
9.in)425 
9.99423 

9.99421 
9.99419 
9.9;") 417 
9.99 415 
9.99413 

9.99411 
9.99 40<) 
9.9J)407 
9.99 404 
9.99 402 

9.99400 
9.iH)398 
9Am 396 
9.i)9 394 
9.99392 

9.99390 
9.99 388 
9.9;) 385 
9.99 383 
9.99381 

9.99 379 
9.99 377 
9.<)9 375 
9.9<) 372 
9.99 370 

9.99 368 
9.t)9 366 
9.*K)3<)4 
9.im362 
9.99:^9 

9.99 357 
9.i)9 355 
9.<)9 353 
9.9i) 3.-)l 
9.99348 

9.99346 
9.{)9;^44 
9.1^342 
9.1H)a40 
9.99 337 

9.99.3.35 



60 

59 
58 
57 
56 

55 

54 
53 
52 
51 

50 

49 
48 
47 
4() 

45 

44 
43 
42 
41 

40 

39 
38 
37 
36 

85 

34 
33 
32 
31 

30 

29 

28 
27 
26 

25 

24 
23 
22 
21 

20 

19 
18 
17 
16 

15 

14 
13 
12 
11 

10 

9 

8 
7 
6 

5 

4 
3 
2 
1 





LTan \ L^iu 



V 



Prop. Pts. 



2 
3 
4 
6 
() 
7 
8 
9 



82 


81 


80 


16.4 


16.2 


16.0 


24.6 


24.3 


24.0 


32.8 


32.4 


32.0 


41.0 


40.5 


40.0 


49.2 


48.6 


48.0 


57.4 


56.7 


m.o 


f;5.6 


64.8 


64.0 


73.8 


72.9 


72.0 



2 
3 
4 

5 
6 
7 
8 
9 



78 


77 


76 


15.6 


15.4 


15.2 


23.4 


23.1 


22.8 


31.2 


30.8 


30.4 


39.0 


38.5 


38.0 


4(5.8 


4().2 


45.6 


54.6 


53.9 


63.2 


(>2.4 


61.6 


60.8 


70.2 


69.3 


68.4 



2 

3 
4 
6 
6 

7 
8 
9 



74 


78 


72 


14.8 


14.6 


14.4 


22.2 


21.9 


21.6 


29.() 


29.2 


28.8 


37.0 


:^.5 


'S6.0 


444 


43.8 


43.2 


51.8 


51.1 


50.4 


59.2 


58.4 


57.6 


m.d 


65.7 


64.8 



79 

15.8 

31.6 
39.5 
47.4 
66.3 
63.2 
71.1 



75 

16.0 
22.6 
30.0 
37.5 
45.d 
52.5 
60.0 
67.5 



71 

14.2 
21.3 
28.4 
36.5 
42.6 
49.7 
56.8 
63.9 



From the top. 

For 9°+, or 189'='+, read 
as printed ; for 99°+ or 
279°+, read co-function. 

From the bottom: 

For 80°+ or 260°+, 

read as printed ; for 
170°+ or 350°+, read 
co-function. 



•^x^^.'^^ 
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8° — Logarithms of Trigonometric Functions 



[III 



LSin 



9.14 356 
9.14 445 
9.14 5a5 
9.14624 
9.14 714 

9.14 803 
9.14 891 

9.14 980 
9.15069 

9.15 157 

9.15 245 
9.15 333 
9.15421 
9.15 508 
9.15 596 

9.15 683 

9.15 770 
9.15857 
9.15944 
9.16030 

9.16 116 

9.16 203 
9.16 289 
9.16 374 
9.16460 

9.16545 
9.16631 
9.16 716 
9.16 801 
9.16 886 

9.16 970 

9.17 055 
9.17 139 
9.17 223 
9.17 307 

9.17 391 
9.17 474 
9.17 558 
9.17641 
9.17 724 

9.17 807 
9.17 890 

9.17 973 
9.18055 
9.18137 

9.18 220 
9.18 302 
9.18 383 
9.18 4(>5 
9.18547 

9.18628 
9.18 709 
9.18 790 
0.18 871 
9.18952 

9.19033 
9.19113 
9.19 193 
9.19273 
9.19 35:i 

9.19433 



89 
90 
89 
90 
89 

88 
89 
89 
88 
88 

88 
88 
87 
88 
87 

87 
87 
87 
8G 
86 

87 
86 
85 
86 
85 

86 
85 
85 
85 
84 

85 
84 
84 
.84 
84 

83 
84 
83 
83 
83 

83 
83 
82 
82 
83 

82 
81 
82 
82 
81 

81 
81 
81 
81 
81 




LTan 



9.14 780 
9.14 872 

9.14 963 
9.15054 

9.15 145 

9.15 236 
9.15 327 
9.15 417 
9.15 508 
9.15 598 

9.15 688 
9.15 777 
9.15 867 

9.15 956 

9.16 046 

9.16 135 
9.16 224 
9.16 312 
9.16 401 
9.16 489 

9.16 677 
9.16 665 
9.16 753 
9.16 841 

9.16 928 

9.17 016 
9.17 103 
9.17 190 
9.17 277 
9.17 363 

9.17 450 
9.17 536 
9.17 622 
9.17 708 
9.17 794 

9.17 880 

9.17 965 

9.18 051 
9.18 136 
9.18 221 

9.18 306 
9.18 391 
9.18 475 
9.18 560 
9.18 644 

9.18 728 
9.18 812 
9.18 896 

9.18 979 
9.19063 

9.19 146 

9.19 229 
9.19 312 
9.19 395 
9.19478 

9.19 561 
9.19 643 
9.19 725 
9.19 807 
9.19 889 




cd 



92 
91 
91 
91 
91 

91 
90 
91 
90 
90 

89 
90 
89 
90 
89 

89 
88 
89 
88 
88 

88 
88 
88 
87 
88 

87 
87 
87 
86 
87 

86 
86 
86 
86 
86 

85 
86 
85 
85 
85 

85 
84 
85 
84 
84 

84 
84 
83 
84 
83 

83 
83 
83 
83 
83 

82 

82 
82 
82 
82 



LCtii 



0.85220 
0.85 128 
0.85037 
0.84 946 
0.84 855 

0.84 764 
0.84673 
0.84 583 
0.84 492 
0.84402 

0.84 312 
0.84 223 
0.84 133 
0.84044 
0.83954 

0.83 865 
0.83 776 
0.83 688 
0.83 599 
0.83 511 

0.83423 
0.83 335 
0.83 247 
0.83 159 
0.83072 

0.82 984 
0.82 897 
0.82 810 
0.82 723 
0.82 637 

0.82 650 
0.82 464 
0.82 378 
0.82 292 
0.82 206 

0.82 120 
0.82 035 
0.81 949 
0.81864 
0.81 779 

0.81 694 
0.81 609 
0.81 525 
0.81 440 
0.81356 

0.81 272 
0.81 188 
0.81 104 
0.81 021 
0.80 937 

0.80 854 
0.80 771 
0.80688 
0.80 605 
0.80522 

0.80439 
0.80 a57 
0.80 275 
0.80 193 
0.80 111 



LGoB 



9.9f)575 
9.99574 
9.99 572 
9.99 570 
9.99 5(58 

9.99566 
9.99565 
9.99 563 
9.99 561 
9.99559 

9.99 557 
9.99556 
9.i)9 554 
9.99552 
9.99550 

9.99548 
9.99 546 
9.99546 
9.99543 
9.99541 

9.99539 
9.99537 
9.99635 
9.99633 
9.99 532 

9.99 530 
9.99 528 
9.99 626 
9.99524 
9.i)9522 

9.99520 
9.99518 
9.99617 
9.99516 
9.99513 

9.99611 
9.99 509 
9.99507 
9.99505 
9.99503 

9.99501 
9.99499 
9.99497 
9.99495 
9.99494 

9.J)9 492 
9.99 4W 
9.99 488 
9.9Q486 
9.99 484 

9.99482 
9.99480 
9.99478 
9.99 476 
9.il9474 

9.99472 
9.99 470 
9.99468 
9.9946(5 
9.99464 



60 

69 
58 
57 
56 

55 

54 
53 
62 
51 

50 

49 

48 
47 
46 

45 

44 
43 
42 
41 

40 

39 
38 
37 
36 

35 

34 
33 
32 
31 

80 

29 
28 
27 
26 

25 

24 
23 
22 
21 

20 

19 
18 
17 
16 

15 

14 
13 
12 
11 

10 

9 
8 

7 
6 

5 

4 
3 
2 
1 



Prop. Pts. 





92 


91 


90 


2 


18.4 


18.2 


18.0 


3 


27.6 


27.3 


27.0 


4 


36.8 


36.4 


36.0 


5 


460 


45.5 


45.0 


6 


55.2 


54.6 


64.0 


7 


64.4 


63.7 


63.0 


8 


73.6 


72.8 


72.0 


9 


82.8 


81.9 


81.0 



89 

17.8 
26.7 
35.6 
44.5 
53.4 
62.3 
71.2 
80.1 



2 
3 
4 
5 
6 
7 
8 
9 



2 
3 

4 
5 
6 

7 
8 
9 



2 
3 
4 
6 
6 
7 
8 
9 



88 


87 


17.6 


17.4 


26.4 


26.1 


35.2 


34.8 


44.0 


43.5 


52.8 


52.2 


61.6 


60.9 


70.4 


69.6 


79.2 


78.3 



85 


84 


17.0 


16.8 


25.6 


25.2 


34.0 


33.6 


42.5 


42.0 


51.0 


60.4 


59.6 


68.8 


68.0 


67.2 


76.5 


76.6 



82 


81 


16.4 


16.2 


24.6 


24.3 


32.8 


32.4 


41.0 


40.6 


49.2 


48.6 


57.4 


56.7 


65.6 


64.8 


73.8 


72.9 



86 

17.2 
25.8 
34.4 
43.0 
61.6 
60.2 
68.8 
77.4 

83 

16.6 
24.9 
33.2 
41.5 
49.8 
58.1 
66.4 
74.7 

80 

16.0 
24.0 
32.0 
40.0 
48 
66.0 
64.0 
72.0 



From the top : 

For 8°+ or 188**+, read 
as printed ; for 98°+ or 
278°+, read co-function. 

From the bottom : 

For 81°+ or 261°+, 
read as printed ; for 
171°+ or 351°+, read 
co-function. 
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11° — Logarithms of Trigonometric Functions 



57 



LSin 



9.28060 
9.28125 
9.28190 
9.28254 
9.28319 

9.28384 
9.28448 
9.28512 
9.28677 
9.28641 

9.28705 
9.28 769 
9.28833 
9.28 896 
9.28960 

9.29024 
9.29087 
9.29150 
9.29214 
9.29277 

9.29340 
^29403 
9.29466 
9.29529 
9.29591 

9.29654 
9.29716 
9.29779 
9.29841 
9.29903 

9.29966 
9.30028 
9.30090 
9.30151 
9.30213 

9.30275 
9.30 336 
9.30398 
9.30459 
9.30521 

9.30582 
9.30643 
9.30 704 
9.30 765 

9.30 826 

9.30887 
9.30947 
9.31008 
9.31 068 
9.31 129 

9.31 189 
9.31250 
9.31 310 

9.31 370 
9.31430 

9.31490 
9.31549 
9.31609 
9.31 669 
9.31 728 

9.31 788 



LCoB 



66 
65 
64 
66 
66 

64 
64 
66 
64 
64 

64 
64 
63 
64 
64 

63 
63 
64 
63 
63 

63 
63 
63 
62 
63 
62 
63 
62 
62 
63 

62 
62 
61 
62 
62 

61 
62 
61 
62 
61 

61 
61 
61 
61 
61 

60 
61 
60 
61 
60 
61 
60 
60 
60 
60 

59 
60 
60 
69 
60 



L Tan 



9.28 865 
9.28933 
9.29000 
9.29067 
9.29134 

9.29201 
9.29268 
9.29335 
9.29402 
9.29468 

9.29585 
9.29601 
9.29668 
9.29734 
9.29800 

9.29866 
9.29932 
9.29998 
9.30064 
9.30130 

9.30195 
9.30 261 
9.30 326 
9.30 391 
9.30457 

9.30522 
9.30 587 
9.30 652 

9.30 717 
9.30782 

9.30846 
9.30911 
9.30975 
9.31040 
9.31 104 

9.31 168 
9.31233 
9.31297 

9.31 361 
9.31425 

9.31 489 
9.31 552 
9.31 616 
9.31 679 
9.31 743 

9.31806 

9.31 870 
9.31933 
9.31996 
9.32059 

9.32122 
9.32 185 

9.32 248 
9.32 311 
9.32 373 

9.32436 
9.32498 
9.32 561 
9.32623 
9.32686 

9.32 747 



LOtn 



cd 



68 
67 
67 
67 
67 

67 
67 
67 
66 
67 

66 
67 
66 
66 
66 

66 
66 
66 
66 
65 

66 
65 
65 
66 
65 

65 
65 
65 
65 
64 

65 
64 
65 
64 
64 

65 
64 
64 
64 
64 

63 
64 
63 
64 
63 

64 
63 
63 
63 
63 

63 
63 
63 
62 
63 

62 
63 
62 
62 
62 



Cd 



LCta 



0.71 135 
0.71 067 
0.71000 
0.70933 
0.70866 

0.70799 
0.70 732 
0.70665 
0.70598 
0.70532 

0.70465 
0.70 399 
0.70 332 
0.70 2(k> 
0.70 200 

0.70 134 
0.70068 
0.70 002 
0.69 936 
0.69870 

0.69 805 
0.69739 
0.(59 674 
0.69609 
0.69543 

0.69478 
0.69413 
0.69348 
0.69 283 
0.69218 

0.69154 
0.69089 
0.69026 
0.68 960 
0.68 896 

0.68832 
0.68 767 
0.68 70:5 
0.68639 
0.68675 

0.68 511 
0.68448 
0.68 384 
0.68321 
0.68 257 

0.68 194 
0.68 130 
0.68 067 
0.68004 
0.67 941 

0.67 878 
0.67 815 
0.67 752 
0.67689 
0.67 627 

0.67 564 
67 502 
0.67 439 
0.67 377 
0.67 315 

0.67 253 



LCk>B 



9.99 195 
9.99 192 
9.99190 
9.99 187 
9.9i) 185 

9.99 182 
9.<»9180 
9 99177 
9.99 175 
9.99 172 

9.99170 
9.99 167 
9.9<) 165 
9.90 162 
9.99 160 

9.99 157 
9.99 155 
9.99 152 
9.99150 
9.99 147 

9.99145 
9.99 142 
9.99140 
9.99 137 
9.99135 

9.99 132 
9.99130 
9.99127 
9.99124 
9.99 122 

9.99 119 
9.99117 
9.99114 
9.99 112 
9.99109 

9.99106 
9.99 104 
9.99 101 
9.99099 
9.99096 

9.99093 
9.99091 
9.99088 
9.99086 
9.99083 

9.99080 
9.9f)078 
9.99075 
9.99072 
9.99070 

9.99067 
9.99064 
9.99062 
9.99 059 
9.99056 

9.99054 
9.99051 
9.in)048 
9.99046 
9.99 043 

9.in)040 



d 






60 


3 


59 


2 


68 


3 


67 


2 
3 


56 


55 


2 


54 


3 


53 


2 


52 


3 


51 


2 


50 


3 


49 


2 


48 


3 


47 


2 


46 


3 


46 


2 


44 


3 


43 


2 


42 


3 


41 


2 


40 


3 


39 


2 


38 


3 


37 


2 
3 


36 


35 


2 


•M 


3 


33 


3 


32 


2 


31 


3 


80 


2 


29 


3 


28 


2 


27 


3 


26 


3 


25 


2 


24 


3 


23 


2 


22 


3 


21 


3 


20 


2 


19 


3 


18 


2 


17 


3 
3 

2 


16 


15 


14 


3 


13 


3 


12 


2 
3 


11 


10 


3 




2 


9 

8 


3 


7 


3 


6 


2 




3 


6 

4 


3 


3 


2 


2 


3 


1 


3 






° 



Prop. Pts. 





68 


67 


2 


13.6 


13.4 


3 


20.4 


20.1 


4 


27.2 


26.8 


6 


34.0 


33.5 


6 


40.8 


40.2 


7 


47.6 


46.9 


8 


64.4 


53.6 


9 


61.2 


60.3 





65 


64 


2 


13.0 


12.8 


3 


19.6 


19.2 


4 


26.0 


25.6 


6 


32.6 


32.0 


6 


39.0 


38.4 


7 


45.6 


44.8 


8 


52.0 


51.2 


9 


68.6 


57.6 





62 


61 


2 


12.4 


12.2 


3 


18.6 


18.3 


4 


24.8 


24.4 


5 


31.0 


30.5 


6 


37.2 


36.6 


7 


43.4 


42.7 


8" 


49.6 


48.8 


9 


55.8 


54.9 



66 

13.2 
19.8 
26.4 
33.0 
39.6 
46.2 
52.8 
59.4 

68 

12.6 
18.9 
25.2 
31.6 
37.8 
44.1 
50.4 
66.7 

60 

12.0 
18.0 
24.0 
30.0 
36.0 
42.0 
48.0 
64.0 





59 


2 


11.8 


3 


17.7 


4 


23.6 


6 


29.5 


6 


35.4 


7 


41.3 


8 


47.2 


9 


53.1 



8 

0.6 
0.9 
1.2 
1.5 
1.8 
2.1 
2.4 
2.7 



From the top : 

For 11°+ or 191°+, 
read as printed ; for 
101°+ or 281°+, read 
co-function. 

From the bottom : 

For 78°+ or 268°+, 
read as printed ; for 
168°+ or 848°+, read 
co-function. 
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12° — Logarithms of Trigonometric Functions 



[in 



LSin 





1 
2 
3 
4 

6 

6 
7 
8 
9 

10 

11 
12 
13 
14 

15 

m 

17 
IH 
19 

20 

21 
22 
2:3 
24 

25 

2({ 
27 
28 
29 

80 

31 
32 

34 
85 

37 
38 
39 

40 

41 
42 
43 
44 

45 

46 
47 
48 
49 

50 

51 
52 
53 
54 

55 

5() 
57 
58 
59 



9.31 788 
9.31 W7 
9.31 907 

9.31 mi 
9.32025 

9.32084 

9.32 143 
9.32 202 
9.32 261 
9.32 319 

9.32 378 
9.32 437 
9.32 495 
9.32 553 
9.32 612 

9.32 670 
9.32 728 
9.32 im 
9.32 844 
9.32 902 

9.32 9(K) 
9.:i3018 
9.3:3075 
9.:i3 1.3:3 
9.:33 190 

9.:« 248 

9.:«:i05 
9.:« »>2 

9.:33 420 
9.:3:3 477 



9 
9 
9 
9 
9 

9 
9 
9 
9 
9 



m 



33534 
:3:3 591 
,:W(>47 

:i:i 704 

.:33 761 

a3 818 
:i3 874 

:3:j 931 

:i3 987 
34043 

9.34 100 
9.34 156 
9.:H212 
9.:34 2()8 
9,:J4 :i24 

9.:v4 :i80 

9.34 4:i<) 
9.34 491 
9:H547 

9.:j4 cm 

9.:U()58 
9.:34 713 
9.:34 769 
9.:i4 824 
9.34 879 

9.34 9:34 
9.:34 9H9 
9.:35 044 
9.:i5 099 

9.35 154 

3,'} 200 



59 
60 
59 
69 
59 

59 
59 
59 
58 
59 

59 
58 
58 
59 
58 

58 
58 
58 
58 
58 

58 
57 
58 
57 
5S 

57 
57 
58 
57 
57 

57 
56 
57 
57 
57 

56 
57 
56 
56 
67 

56 
56 
56 
66 
56 

66 
66 
66 
56 
66 

55 
66 
55 
56 
55 

65 
66 
66 
55 
65 



LTan cd 



/ / LCoB 



■I 



9.32 747 
9.:32 810 
9..32 872 
9.:32 9:« 

9.32 995 

9^^3a'»7 

9.:3:m9 

9.:3.3 180 

9.33 '242 
9.3:3 303 

9..^3 »)5 
9.:i3 42<i 
9.:33 487 
9.:3:i 548 
9.:3:3609 

9.:3:3 670 
9.:J3 731 
9.:3.3 792 
9.:33 85:3 
9.:33913 

9.:33i)74 
9..34 034 
9.:34 095 
9.:U 155 
9.:34 215 

9.:34 276 
9.:34 XM) 
9.:n 396 

9.34 45(> 
9.34 516 

9.:^ 57() 
9.:34 VhVi 
9..346a'> 
9.:34 755 
9.:34 814 

9..34 874 

9.:34 9:w 

9.:J4 992 
9.:3"»051 
9.35111 

9.:« 170 
9.:55 229 
9.:r) 288 
9.3j 347 
O.a^ 405 

9.3.5 464 
9..3ri 523 
9.:i5 581 
9.,3.j(hl0 

9.:35 cm 

9..T) 757 

9.:r)8i5 

9.;i5 873 
9.:i5 93l 

9.:r) 989 

9..'i()047 
9.:«) 105 

9.:^<> ir,3 

9M 279 



LCtn 



63 
62 
61 
62 
62 

62 
61 
62 
61 
62 

61 
61 
61 
61 
61 

61 
61 
61 
60 
61 

60 
61 
60 
60 
61 

60 
60 
60 
60 
60 

60 
60 
60 
69 
60 

69 
69 
59 
60 
59 

69 
69 
69 
68 
59 

69 
68 
59 
68 
69 

68 
68 
68 
58 
68 

58 
68 
68 
68 
57 



LCtn 



0.67 253 
0.67 190 
0.671-28 
0.67 0(»7 
0.67 005 

0.(if>943 
Om 881 
0.(16 820 
0.()<>758 
0.«)697 

0.(k) fi.^5 
0.W574 
OAiHi 513 
0.<)6452 
O.IXJ :391 

o.(k> :3:30 

O.rkJ 2f)9 
OAU) 208 
OAH) 147 

o.mosi 

0.(K>026 
0.65 966 
0.65 905 
0.r;5 845 
0.65 785 

0.65 724 
0.65 ()<>4 
0.(k5 604 
0.()5 544 
0.(;5484 

0.65424 
0.<K) 'Mu) 
0.(^5 305 
0.65 245 
0.(>5 186 

0.65 126 
0.<K) 0(>7 
0.f>5 008 
0.()4 949 
0.64 889 

0.64 8:^0 
0.64 771 
0.64 712 
0.(v4653 
0.(>4 595 

0.64 536 
0.(»4 477 
0.(>4419 
64 3<K) 
0.(»4 :i02 

0.fJ4 243 
0.()4 \H5 
0.64127 
0.64 0()9 
0.()40U 

0.()3 95:J 
OAVA 895 
0.(>3 8:i7 
0.63 779 
0.(53 721 

0.(V.3(>iU 



LC08 



cdl tiTan \ li^Va 



\ 



9.99040 
9.990:38 
9.«)9a-35 
9.99 a'32 
9.99 o:» 

9.W027 
9.<»9024 
9.«» 022 
9.9i)019 
9.99016 

9.9i)013 
9.99011 
9.99008 
9.<K)005 
9.99002 

9.i)9000 
9.<>8 997 
9.98 IHU 
9.»«991 
9.98989 

9.98 98(> 
9.<>8<»33 
9.98 980 
9.98 i)78 
9.98 975 

9.98972 
9.*W 9(59 
9*«9(57 
9.98 9(54 
9.98 9(>1 

9.98 958 
9.98 a55 
9.98953 
9.98 950 
9.98 947 

9.98 944 
9.98 941 
9.98 9:38 
9.98 9:«) 
9.98 9:53 

9.98 930 
9.98 927 
9.98 J)24 
9.98 921 
9.98 919 

9.98 916 
9.98 913 
9.98 910 
9.98 1K)7 
9.98 iK)4 

9.98 901 
9.98 898 
9.98 896 
9.98 893 
9.98 890 

9.98 887 
9.98 884 
9.V)8 881 
9.98 878 
9.98 875 



2 
3 
3 
2 
3 

3 
2 
3 
3 
3 
2 
3 
3 
3 
2 

3 
3 
3 
2 
3 

3 
3 
2 
3 
3 

3 
2 
3 
3 
3 

3 
2 
3 
3 
3 

3 
3 
2 
3 
3 

3 
3 
3 
2 
3 

3 
3 
3 
3 
3 

3 
2 
3 
3 
3 

3 
3 
3 



60 

59 
58 
57 
56 

55 

54 
53 
52 
51 

50 

49 
48 
47 
4() 

45 

44 
43 
42 
41 

40 

:<9 

38 
37 
3(i 

85 

:{4 
3:3 
:32 

31 

80 

29 
28 
27 
26 

25 

24 
23 
22 
21 

20 

19 
18 
17 
16 

15 

14 
13 
12 
11 

10 

9 
8 
7 
6 

5 

4 




Prop. Pto. 





68 


62 


2 


12.6 


12.4 


3 


18.9 


18.6 


4 


25.2 


24.8 


5 


31.5 


31.0 


6 


37.8 


37.2 


7 


44.1 


43.4 


8 


50.4 


49.6 


9 


66.7 


55.8 





60 


69 


2 


12.0 


11.8 


3 


18.0 


17.7 


4 


24.0 


23.6 


5 


30.0 


29.5 


6 


36.0 


35.4 


7 


42.0 


41.3 


8 


48.0 


47.2 


9 


54.0 


53.1 



61 

12.2 
18.3 
24.4 
30.5 
3H.6 
42.7 
48.8 
54.9 



58 

11.6 
17.4 
23.2 
29.0 
34.8 
40.6 
46.4 
52.2 





57 


2 


11.4 


3 


17.1 


4 


22.8 


5 


28.6 


6 


34.2 


7 


39.9 


8 


46.6 


9 


51.3 



56 

11.2 
16.8 
22.4 
28.0 
33.6 
39.2 
44.8 
50.4 

8 

0.6 
0.9 
1.2 
1.5 
1.8 
2.1 
2.4 
2.7 



From the top : 

For 12°+ or 192°+, 
read as printed; for 
102°+ or 282°+, read 

co-function. 

From the bottom : 

For 77° or 257°, 
read as printed ; for 
167° or 847°, read 
co-function. 





55 


2 


11.0 


3 


16.5 


4 


22.0 


5 


27.5 


6 


3S.0 


7 


38.5 


8 


44.0 


9 


49.5 
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IS** — Logarithms of Trigonometric Functions 



59 



LSin 



9.;35 2(>J) 
9.35 2(53 
9.a5 318 
9.35 373 
9.35 427 

9.35481 

9.35 536 

9.36 690 
9.35644 
9.35698 

9.35 752 
9.35 806 
9.35860 
9.35 914 

9.35 968 

9.36022 
9.36075 
9.36129 
9.36 182 

9.36 236 

9.36 289 
9.36342 
9.36 395 
9.36449 
9.36502 

9.36 555 
9.36 608 
9.36660 
9.36713 
9.36 766 

9.36 819 
9.36 871 
9.36 924 

9.36 976 
9.37028 

9.37 081 
9.37 133 
9.37 185 
9.37 237 
9.37 289 

9.37 341 
9.37 393 
9.37 445 
9.37 497 
9.37 649 

9.37 600 
9.37 652 
9.37 703 
9.37 755 
9.37 806 

9.37 858 
9.37 909 

9.37 960 
9.38011 
9.38062 

9.38113 
9.38164 
9.38215 
9.:«266 

9.38 317 

9.38 368 



LTan 



54 
55 
55 
54 
54 

55 
54 
54 
54 
54 

54 
54 
54 
54 
54 

53 

54^ 

53 

54 

53 

53 
53 
54 
53 
53 

53 
52 
53 
53 
53 

52 
53 
52 
52 
53 

52 
52 
52 
62 4 
52 

52 
52 
52 
52 
51 
52 
51 
52 
51 
52 

51 
51 
51 
51 
51 

51 
51 
51 
51 
51 



LCoB I d 



9.36 336 
9.36 394 
9.36 452 
9.36509 
9.36 566 

9.36624 
9.36681 
9.36 738 
9.36 795 
9.36 852 

9.36 909 
9.;«966 

9.37 023 
9.37 080 
9.37 137 

9.37 193 
9.37 2r)0 
9.37 306 
9.37 363 
9.37 419 

9.37 476 
9.37 5.J2 
9.37 588 
9.37 ()44 
9.37 700 

9.37 766 
9.37 812 
9.37 8i\8 
9.37 924 

9.37 980 

9.38 035 
9.38091 
9.38 147 
9.38 202 
9.38 257 

9.38 313 
9.38 368 
9.38 423 
9.38 479 
938 634 

9.38 689 
9.38644 
9.38 699 
9.38 754 
9.38 808 

9.38 863 

9.38 918 
9.;^8 972 
9.39027 
9.39082 

9.39 136 
9.39 190 
9.39245 
9.39299 

9.39 353 

9.39407 
9.39461 
9.39 515 
9.39569 
9.39623 

9.39677 



LCta 



cd 



58 
58 
57 
57 

.58 

57 
57 
57 
57 
57 

57 
57 
67 
67 
56 

57 
56 
57 
66 
57 

66 
66 
66 
66 
66 

66 
66 
66 
66 
66 

66 
66 
66 
66 
66 

66 
66 
66 
56 
66 

66 
66 
56 
64 
66 

66 
64 
65 
66 
64 

64 
66 
64 
64 
64 

64 
64 
64 
64 
54 



Cd 



LCta 



0.63664 
0.63606 
0.(>3 648 
0.63491 
0.63 434 

0.6:^376 
0.63 319 
0.63 262 
0.(» 205 
0.63148 

0.63091 
0.(53 0.S4 
0.()2 977 
0.62 920 
0.62 863 

0.62 807 
0.()2 750 
0.(>2(>94 
0.()2 637 
0.(52 581 

0.62 524 
0.(52 4(58 
0.(52412 
0.(52 356 
0.(52 300 

0.62 244 
0.(>2 188 
0.62 132 
0.()2 076 
0.62 020 

0.61965 
0.61 909 
0.01 853 
0.61 798 
0.61 743 

0.61 (i87 
0.61 (532 
0.(J1 577 
0.61 521 
0.61466 

0.61411 
61 356 
0.61 ;301 
0.61 246 
O.Gl 192 

0.61 137 
0.(51 082 
0.()1 028 
0.(50 973 
0.60 918 

0.60 864 
0.(50 810 
0.60 755 
0.60 701 
0.(50647 

0.60 593 
0.60 539 
0.60 485 
0.(50431 
0.60 377 

0.(50 323 



LTan 



LCoB 


d 


60 


9.98 872 


9.i)8 869 


3 


59 


9.98 8()7 


2 


58 


9.98 864 


3 


57 


9.98 861 


3 

3 


56 


9.98 ms 


66 


9.98 855 


3 


64 


9.1W 852 


3 


53 


9.98 849 


3 


52 


9.98 846 


3 
3 


51 


9.98 843 


50 


9.<»8 840 





49 


9.98 837 


3 


48 


9.98 8:54 


3 


47 


9.98 831 


3 
3 


46 


9.98 828 


45 


9.98 825 


3 


44 


9.98 822 


3 


43 


9.98 819 


3 


42 


9.98 816 


3 
3 


41 


9.98813 


40 


9.98 810 


6 




39 


9.98 807 


3 


38 


9.98 804 


3 


37 


9.98 801 


3 
3 

3 


36 


9.98 798 


86 


9.98 795 


34 


9.98 792 





33 


9.<)8 789 


3 




32 


9.98 786 


3 
3 

3 


31 


9.98 783 


80 


9.98 780 


29 


9.98 777 





28 


9.98 774 


3 


27 


9.98 771 


3 
3 

3 


26 


9.98 768 


26 


9.98 7(55 


24 


9.98 7(52 


6 




23 


9.98 759 


3 




22 


9.98 756 


3 
3 

3 


21 


9.98 753 


20 


9.98 750 


19 


9.98 746 


4 


18 


9.98 743 


3 


17 


9.98 740 


3 
3 
3 


16 


9.98 737 


15 


9.98 7:34 


14 


9.98 731 


6 




13 


9.98 728 


3 


12 


9.98 725 


3 
3 

3 


11 


9.98 722 


10 


9.98 719 


9 


9.98 715 


4 


8 


9.98 712 


3 


7 


9.98 709 


3 



6 


9.98 70(5 


3 




6 


9.98 703 


4 


9.98 700 


3 




3 


9.98697 


3 




2 


9.98694 


3 

4 


1 


9.98 690 






Prop. Pt8. 





68 


57 


2 


11.6 


11.4 


3 


17.4 


17.1 


4 


23.2 


22.8 


6 


29.0 


28.6 


6 


34.8 


34.2 


7 


40.6 


39.9 


8 


46.4 


45.6 


9 


52.2 


51.3 





55 


54 


2 


11.0 


10.8 


3 


16.5 


16.2 


4 


22.0 


21.6 


5 


27.5 


27.0 


6 


3.'5.0 


32.4 


7 


.*58.5 


37.8 


8 


44.0 


43.2 


9 


49.5 


48.6 



56 

11.2 
16.8 
22.4 
28.0 
33.6 
39.2 
44.8 
60.4 



58 

10.6 
15.9 
21.2 
26.6 
31.8 
37.1 
42.4 
47.7 





52 


2 


10.4 


3 


16.6 


4 


20.8 


6 


26.0 


6 


31.2 


7 


3(5.4 


8 


41.6 


9 


46.8 





4 


2 


0.8 


3 


1.2 


4 


1.6 


6 


2.0 


6 


2.4 


7 


2.8 


8 


3.2 


9 


3.6 



51 

10.2 
15.3 
20.4 
25.5 
30.6 
35.7 
40.8 
45.9 



8 

0.6 
0.9 
1.2 
1.5 
1.8 
2.1 
2.4 
2.7 



From the top: 

For 18°+ or 193^+, 

read as printed ; for 
103°+ or 288°+, read 
co-function. 

From the bottom: 

For 76° or 256^ 
read as printed ; for 
166°+ or 346°+, read 
co-function. 



LSixL \eL^ 



v 



•^xq^.'^^- 



76° —LogarithmH of TrigouometTie. IgxMftfcALASS'as* 



60 


W 


- 


Logarithm 


s of Trigonometric Fanctlons 




[ID 






LBis 


d 


LTan 


od 


LCtn 


LOos 


± 




Prop, Pte, 








9,3»3l)8 
i).3S418 


so 


9.39 677 
0.39731 


54 


0.60323 

0,60 affl 


9.98 090 
0-08 687 




60 










9.38 *i!! 
9.33319 


M 


9.:»780 
9.39 838 


M 


0.6021.1 
0.(0163 


0.98 684 
9.98 681 




1 




10.8 


OS 

10.6 


10.4 








9.38870 




9.39 893 




0.60 198 


9.08 678 






IU.2 


16.9 


16.6 








9.38020 




0.39 WD 




0.60 055 


9.98 67d 




SS 




2t.6 


21.2 


20.8 








9.38 670 


so 


9.39990 




O.H0 0O1 


9.98 671 




64 




27.0 




2)1,0 








9.38 721 








0.S9 94S 


9.08 668 










31.8 


31,2 








9.38 771 


so 


0!4O1O6 




0,09 894 


9.98 660 




63 




37,8 


37.1 


36.4 








9..18821 




9.40 1B0 




0,89 841 


9.08 662 




01 




43,3 


42.4 


41-6 






10 


9.38 871 




9.40213 




O.S0 78S 


B.08 669 




60 
















9.38 921 








0.09 734 


0.9R666 




49 








13 


0.38 971 




a40 31B 










48 




51 


60 


4B 






13 


9.39021 




9.40372 




0.59638 


9.08 649 




47 














U 


0.39 071 


so 


0.40425 


G3 


0.09576 


9.98 646 






3 


10,2 


10,0 


9,8 






15 


9.39121 




9.40 478 


0.59023 


9.98 643 




46 














0.39170 




9.40 531 


% 








44 
















9.39220 




9.40 584 


0.09416 


0.08 63li 




43 














18 


0.39 270 




9,40636 




0,09 3(M 


9.98 633 




43 


7 


36 J 


alio 


34^3 






19 


9.39319 


so 


9.40689 


83 


0,0i)311 


9.98 630 












3!),2 






SO 


0.30 369 


9.40 742 


0,00258 


9-98 627 




40 






45^0 


44,1 






ai 


9.39 418 




9,40 700 




0.59206 






39 








22 


9.30 467 




9.40 847 




0,09103 


9.98 630 




38 








23 


9.39 617 




9.40900 




0,5<l 100 


9.98 617 




37 






47 






M 


9.30 B66 




9.40 902 






9.98 614 




36 


2 


9,6 


9.4 






ss 


9.39 61S 




9,41000 


03 


0-58 995 


9.98 610 




S6 




14,4 


14,1 






Z6 


9.30 664 




9.4KH7 


0.68 913 


9.98 607 




34 


4 


19,2 


18.8 






37 


9.39 713 




9.41 109 


w-' 


0,08 891 


9.98 604 








34,0 


23.5 






28 


9.39 762 






0.08839 






32 




28-8 


28.3 






29 


9.39 811 




9^41 214 


sa 


0.68 788 


a98507 




31 




33.6 


32.0 






SO 


9.39860 




9.41366 


0.58731. 


9.9SS94 




80 


8 


38.4 


37.B 
42.3 






31 


9.30 309 




9.41 318 






9.98 HOI 




29 








32 


9.39 908 




9.41 370 


62 


o-ssim 


O.tBOSS 




28 








33 


9.40006 




9.41423 


0-68 578 


0.98 084 




27 












34 


9.40 05G 




9 41474 




0.58 026 


9.98 G81 










0,6 
0,9 






3fi 


9.40103 




9,41 S26 






0,08 078 




XS 




i.-i 






36 


9.40 152 




9,41578 




0.58 423 


9.98 674 




24 








37 


9.40 200 




9,41 R» 




0.58 371 


9.98 671 




23 


2.0 


1.6 

1,8 






38 


9.40 249 








0.68 319 


9.98 068 




23 






39 


9,40 207 




9!4l7;ta 




0JS8 367 


9.98 665 












40 


9.40 346 




9,41 784 




0.68 216 


0.08 561 




80 




3^2 


3!4 






*I 


9.40 394 




9,41830 




0.58164 


9-98 668 




19 


9 


a.fi 


2.7 






43 


9.40443 




9,41 H87 




0.08 113 


9.98 550 




18 








43 


9.40490 




9,41039 




0.58 061 


9.98 601 




17 








44 


9.40638 




9,41990 




0.38 OIU 


9.98 948 












46 


9.40086 




9,43 (Ml 


G3 


0.07 969 


0.98545 




IS 


From the top: 






46 


9.40 634 




9,43093 


0.07 907 


9.98541 




14 








47 


9,40682 




9,43144 




0.67 856 


9.!«53B 




13 


For 14°+ or 184°+, 






48 


9.40 730 




9,43 195 




0.07 805 


9.98036 




12 


read as printed i for 
104°+ or 884°+, read 






49 


9.40 778 


»7 


9,42 346 


fil 


0.57 704 


9.98 9;H 




11 






SO 


9.40 835 
9.40 873 


4H 


9,43 297 
9.42 348 


fll 


0.07 703 
0.07 653 


9.98 028 
9.98526 


3 


10 

9 


co-(nnttlon. 






03 


9,40 itai 




9.43 35(9 




0.67 601 


9.98531 












63 


9.40 9(i8 




9,43 400 




0.07 050 


0.98018 




7 


From the hottom: 






94 


9.41016 




9.43 601 




O.H7 409 


9.98 510 












BS 


9.41 063 


z 


9.43 552 


" 


0.67 448 
0.97 307 


9,98511 
9,98608 




6 
4 


Fov75''+or266°+, 
rend as printed; for 






»T 


S:4l 158 




9142 6S3 




0-57 347 


9.98605 




3 


166''+ or 346°+, read 






58 


9.41200 




9.43 704 






9.98 501 












as 


f».4] 2.13 




9.43 755 


SO 


0.57 34B 


9,98408 










ml 


9.41 m" 


9,42 803 


0.571U6\ W«¥M\" \ 6\ 
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16'' — Logarithms of Trigonometric Fnnctions 



61 



LSin 



9.41300 
9.41 347 
9.41394 
9.41441 
9-41488 

9.41535 
9.41582 
9.41628 
9.41675 
9.41 722 

9.41 768 
9.41 816 

9.41 861 
9.41908 
9.41954 

9.42001 
9.42047 
9.42093 
9.42 140 
9.42186 

9.42 232 
9.42 278 
9.42 324 
9.42370 
9.42416 

9.42461 
9.42607 
9.42553 
9.42 599 
9.42644 

9.42 690 
9.42 735 
9.42781 
9.42 826 
9.42 872 

9.42 917 
9.42962 
9.43008 
9.43053 
9.43098 

9.43143 
9.43188 
9.43^ 
9.43278 
9.43323 

9.43367 
9.43412 
9.43457 
9.43602 
9.43546 

9.43591 
9.43635 
9.43680 
9.43724 
9.43769 

9.43813 
9.43857 
9.43901 
9.43946 
9.43990^ 

944034* 



LCOB 



47 
47 
47 
47 
47 

47 
46 
47 
47 
46 

47 
46 
47 
46 
47 

46 
46 
47 
46 
46 

46 
46 
46 
46 
45 

46 
46 
46 
45 
46 

45 
46 
45 
46 
45 

45 
46 
45 
45 
45 

45 
45 
45 
45 
44 

45 
45 
45 
44 
45 

44 
45 
44 
45 
44 

44 
44 
45 
44 
44 



LTan 



9.42805 
9.42 856 
9.42 906 

9.42 957 
9.43007 

9.43057 
9.43108 
9.43158 
9.43208 
9.43258 

9.43308 
9.43358 
9.43408 
9.43458 
9.43508 

9.43558 
9.43607 

9.43 657 
9.43 707 

9.43 756 

9.43806 
9.43856 
9.43905 
9.43954 
9.44004 

9.44053 
9.44102 
9.44 151 
9.44201 

9.44 250 

9.44299 
9.44 348 
9.44 397 
9.44446 
9.44495 

9.44644 
9.44 592 
9.44 641 
9.44690 
9.44 738 

9.44 787 
9.44 836 
9.44 884 
9.44933 

9.44 981 

9.45029 
9.45078 
9.46 126 
9.45 174 

9.45 222 

9.45 271 
9.45319 
9.45 367 
9.45415 
9.45463 

9.46511 
9.45 569 
9.45606 
9.45654 

9.45 702 

9.46 760 



LCtn 



cd 



51 
^ 
61 
50 
50 

51 
50 
50 
50 
50 

50 
50 
50 
50 
50 

49 
50 
50 
49 
50 

49 
50 
49 
50 
49 

49 
49 
50 
49 
49 

49 
49 
49 
49 
49 

48 
49 
49 
48 
49 

49 

48 
49 
48 

48 

49 
48 
48 
48 
49 

48 
48 
48 
48 
48 

48 
47 
48 
48 
48 



LCtn 



0.67 19.1 
0.57 144 
0.57 094 
0.67043 
0.56 993 

0.56943 
0.56892 
0.56842 
0.56 792 
0.66742 

0.56692 
0.66642 
0.56692 
0.66642 
0.66492 

0.56442 
0.56 393 
0.66 343 
0.66 293 
0.66244 

0.56194 
0.») 145 
0.56 0i)5 
0.56046 
0.55 996 

0.56 947 
0.56 898 
0.65 849 
0.55 799 
0.56 750 

0.55 701 
0.66 652 
0.56 (i03 
0.55 664 
0.55 605 

0.56456 
0.55 408 
0.55 a'>9 
0.55 310 
0.55 262 

0.66 213 
0.55164 
0.65 IIG 
0.55 067 
0.55019 

0.54971 
0.64 922 
0.54 874 
0.54 826 
0.54 778 

0.54 729 
0.64 681 
0.54633 
0.54685 
0.64537 

0.54489 
0.64441 
0.54 394 
0.64 346 
0.54 298 

0.54 250 



cd L Tan 



LCoB 



9.98494 
9.98491 
9.98488 
9.98484 
9.98481 

9.98 477 
9.98474 
9.98471 
9.98 4()7 
9.98 4()4 

9.98460 
9.98457 
9.98 453 
9.98 450 
9.98447 

9.98 443 
9.98 440 
9.98 436 
9-98 433 
9.98429 

9.98.426 
9.98422 
9.98 419 
9.98415 
9.98 412 

9.98 409 
9.98 406 
9.98402 
9.98 398 
9.98 395 

9.98 391 
9.98 388 
9.98 384 
9.98 381 
9.98 377 

9.98 373 
9.98 370 
9.98 366 
9.98 363 
9.98 359 

9.98 356 
9.98 352 
9.98 349 
9.98 345 
9.98 ;342 

9.98 338 
9-98 334 
9.98 331 
9.98 327 
9.98 324 

9.98 320 
9.98 317 
9.98 313 
9.*>8 309 
9.98 30() 

9.98 302 
9.98 299 
9.98 295 
9.98 291 
9.98 288 

9.98 284 



3 
3 

4 
3 
4 

3 
3 

4 
3 
4 

3 

4 
3 
3 

4 

3 

4 
3 
4 
3 

4 
3 
4 
3 
3 

4 
3 
4 
3 
4 

3 
4 
3 
4 
4 

3 
4 
3 
4 
3 

4 
3 
4 
3 
4 

4 
3 
4 
3 
4 

3 

4 
4 
3 
4 

3 
4 
4 
3 
4 



60 

59 
58 
57 
56 

55 

54 
53 
52 
61 

60 

49 

48 
47 
46 

45 

44 
43 
42 
41 

40 

39 
38 
37 
36 

85 

34 
33 
32 
31 

80 

29 
28 
27 
26 

25 

24 
23 
22 
21 

20 

19 
18 
17 
16 

15 

14 
13 
12 
11 

10 

9 

8 

7 
6 

5 

4 
3 
2 
1 





Prop. PtB. 



LEm \ d\ 



I 





51 


50 


2 


10.2 


10.0 


3 


15.3 


15.0 


4 


20.4 


20.0 


5 


26.6 


25.0 


6 


30.6 


30.0 


7 


;^.7 


35.0 


8 


40.8 


40.0 


9 


46.9 


46.0 





48 


47 


2 


9.6 


9.4 


3 


14.4 


14.1 


4 


19.2 


18.8 


5 


24.0 


23.5 


6 


28.8 


28.2 


7 


33.6 


32.9 


8 


38.4 


37.6 


9 


43.2 


42.3 



49 

9.8 
14.7 
19.6 
24.5 
29.4 
34.3 
39.2 
44.1 



46 

9.2 
13.8 
18.4 
23.0 
27.6 
32.2 
36.8 
41.4 





45 


2 


9.0 


3 


13.5 


4 


18.0 


5 


22.6 


6 


27.0 


7 


31.5 


8 


m.o 


9 


40.5 





4 


2 


0.8 


3 


1.2 


4 


1.6 


5 


2.0 


6 


2.4 


7 


2.8 


8 


3.2 


9 


3.6 



44 

8.8 
13.2 
17.6 
22.0 
26.4 
30.8 
35.2 
39.6 



8 

0.6 
0.9 
1.2 
1.5 
1.8 
2.1 
2.4 
2.7 



From the top : 

For 15°+ or 196°+, 
read as printed ; for 
105°+ or 286°+, read 
co-function. 

From the bottom : 

For 74°+ or 264°+, 
read as printed ; for 
164°+ or 844°+, read 
co-function. 



"^^^Z^^. 
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16° — Logarithms of Trigonometric Functions 



[III 



LSin 





1 
2 
3 
4 

5 

6 

7 
8 
9 

10 

11 
12 
13 
14 

15 

16 
17 
18 
19 

20 

21 
22 
23 
24 

25 

2« 
27 
28 
29 

30 

31 
32 

a3 

34 

35 

36 
37 
38 
39 

40 

41 
42 
43 
44 

45 

46 

47 
48 
49 

50 

61 
62 
63 

64 

55 

66 
67 
68 
69 



9.440.34 
9.44 078 
9.44 122 
9.44 16() 
9.44 210 

9.44 253 
9.44 297 
9.44 341 
9.44 385 
9.44 428 

9.44472 
9.44 516 
9.44 669 
9.44(502 
9.44 64(> 

9.44 689 
9.44 733 
9.44 776 
9.44 819 
9.44 862 

9.44 905 
9.44948 

9.44 992 
9.46 035 

9.45 077 

9.46 120 
9.45 163 
9.45 206 
9.45 249 
9.45 2*)2 

9.45 3:?4 
9.45 377 
9.45 419 
9.45 4<>2 
9.45 504 

9.45.547 
9.45.589 
9.45 ():V2 
9.45 ()74 
9.45 716 

9.45 758 
9.45 801 
9.45 843 
9 46 886 

9.45 927 

9.45^)69 
9.4()0n 
9.460.53 
9.4<)095 

9.46 13() 

9.46 178 
9.4(> 220 
9.46 2(J2 
9.4<) ;^.03 
9.46 345 

9.46 ;58() 
9.46 428 
9.4(i469 
9.4()511 
9.46 5.52 

9.46 rm 



44 
44 
44 
44 
43 

44 
44 
44 
43 
44 

44 
43 
43 
44 
43 
44 
43 
43 
43 
43 

43 
44 
43 
42 
43 

43 
43 
43 
43 
42 

43 
42 
43 
42 
43 

42 
43 
42 
42 
42 

43 
42 
42 
42 
42 
42 
42 
42 
41 
42 

42 
42 
41 
42 
41 

42 
41 
42 
41 
42 



LTan 



1 60 9.46 rm I 

/ / LCos I d I 



9.4.5 750 
9.45 797 

9.45 845 

9.46 892 
9.46 i>40 

9.46 i)87 
9.46 035 
9.4<)082 
9.46130 
9.46 177 

9.46 224 
9.46 271 
9.4<>319 
9.4(> .3(M) 
9.46 413 

9.46 460 
9.46 607 
9.46 561 
9.46 mi 
9.46 ()48 

9.46 694 
9.4f)741 
9.46 788 
9.4<) 8;i6 
9.46 881 

9.46 928 

9.46 976 

9.47 021 
9.47 0()8 
9.47114 

9.47 1()0 
9.47 207 
9.47 2,53 
9.47 29t) 
9.47 346 

9.47 392 
9.47 4.38 
9.47 484 
9.47 .5:50 
9.47 676 

9.47 622 
9.47 (>(;8 
9.47 714 
9.47 760 
9.47 m> 

9.47 852 
9.47 897 
9.47 943 

9.47 989 
9.48035 

9.48080 

9.48 126 
9.48 171 
9.48 217 
9.48 2()2 

9.48 :i07 

9.48 :^r)'^ 

9.48 398 
9.48 443 
9.48 489 

9.48 5.34 
LCtn 



cd 



47 
48 
47 
48 
47 
48 
47 
48 
47 
47 

47 
48 
47 
47 
47 

47 
47 

47 
47 
46 

47 
47 
47 
46 
47 

47 
46 
47 
46 
46 

47 
46 
46 
47 
46 

46 
46 
46 
46 
46 

46 
46 
46 
46 
46 

45 
46 
46 
46 
45 

46 
45 
46 
45 
45 

46 
45 
45 
46 
45 



LCtn 



0.64260 
0.54 203 
0.54165 
0.54 108 
0.54060 

0.54 013 
0.53 9<;6 
0.5.3 918 
0..53 870 
0.63 823 

0.63 776 
0.63 729 
0.63 681 
0.63 634 
0.63 687 

0.6.3 .540 
0.53 493 
0.53 446 
0.53 399 
0.63 362 

0.63 306 
0.63 259 
0.53212 
0..53 165 
0.53 119 

0..53072 
0..53 026 
0.52 979 
0.52 932 
0.52 886 

0.62 840 
0.62 793 
0..52 747 
0.52 701 
0..52654 

0.62 608 
0.52 6()2 
0.52 616 
0..52 470 
0.52 424 

0.52 378 
0.52 332 
0.52 286 
0..52 240 
0.52 194 

0..52 148 
0.52 103 
0.52057 
0..520U 
0.51 9()5 

0.51 920 
0.51 874 
0.51 829 
0.51 783 
0.51 738 

0.51 603 
0.51 i'Al 
0.5UK)2 
0.51557 
0.51 511 

0.51 4(>i) 



\ 



LCoB 


d 


60 


9.98 284 


9.98 281 


3 


69 


9.98 277 


4 


58 


9.98 273 


4 


67 


9.98 270 


3 

4 


66 


9.98 266 


55 


9.98 2(>2 


4 


54 


9.98 2.59 


3 


63 


9.98 256 


4 


62 


9.98 251 


4 

3 


61 


9.98 248 


50 


9.98 244 


4 


49 


9.98 240 


4 


48 


9.98 2;i7 


3 


47 


9.98 2;« 


4 
4 

3 
4 


4(> 


9.98 229 


45 


9.<)8 226 


44 


9.98 222 


43 


9.98 218 


4 


42 


9.98 216 


3 
4 

4 
3 


41 


9.98 211 


40 


9.98 207 


39 


9.98 204 


38 


9.98 200 


4 


37 


9.98 196 


4 
4 

3 

4 


,36 


9.98192 


85 


9.98 189 


:n 


9.98 185 


33 


9.98 181 


4 


32 


9.98 177 


4 
3 
4 

A 


31 


9.98 174 


80 


9.98 170 


29 


9.98 \m 


4 


28 


9.98 1(>2 


4 


27 


9.98 159 


3 
4 

4 
4 


26 


9.98 1.56 


25 


9.98 151 


24 


9.98 147 


23 


9.98144 


3 

A 


22 


9.98 140 


4 

4 

4 
3 


21 


9.98 1.36 


20 


9.981.32 


19 


9.98 129 


18 


9.98 126 


4 


17 


9.98 121 


4 
4 

4 

o 


16 


9.98117 


15 


9.98113 


14 


9.98110 


3 

A 


13 


9.98 10(> 


4 

A 


12 


9.98 102 


4 
4 

4 
4 

o 


11 


9.98 098 


10 


9 98094 


9 


9.98 0<K) 


8 


9.98087 


6 

A 


7 


9.98083 


4 
4. 


6 


9.98 079 


4 
4 

4 


5 


9.98 075 


4 


9.98 071 


3 


9.98 067 


2 


9.98 0<>3 


4 
3 

\ 


1 


^^mm^ 






Prop. Pte. 





48 


47 


2 


9.6 


9.4 


3 


14.4 


14.1 


4 


19.2 


18.8 


6 


24.0 


23.5 


6 


28.8 


28.2 


7 


33.6 


32.9 


8 


38.4 


37.6 


9 


43.2 


42.3 





45 


44 


2 


9.0 


8.8 


3 


13.5 


13.2 


4 


18.0 


17.(» 


6 


22.5 


22.0 


6 


27.0 


26.4 


7 


31.5 


30.8 


8 


36.0 


35.2 


9 


40.6 


39.6 



46 

9.2 
13.8 
18.4 
23.0 
27.6 
32.2 
36.8 
41.4 

48 

8.6 
12.9 
17.2 
21.5 
25.8 
30.1 
34.4 
38.7 





42 


2 


8.4 


3 


12.6 


4 


16.8 


5 


21.0 


6 


25.2 


7 


29.4 


8 


3.3.6 


9 


37.8 





4 


2 


0.8 


3 


1.2 


4 


1.6 


5 


2.0 


6 


2.4 


7 


2.8 


8 


3.2 


9 


3.6 



41 

8.2 
12.3 
16.4 
20.6 
24.6 
28.7 
32.8 
36.9 



8 

0.6 
0.9 
1.2 
1.5 
1.8 
2.1 
2.4 
2.7 



From the top : 

For 16°+ or 196°+, 
read as printed; for 
106°+ or 286°+, read 
co-function. 

From the bottom : 

For 78°+ or 253°+, 
read as printed ; for 
163°+ or 843°+, read 
CO- function. 
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17° — Logarithms of Trigonometric Functions 



63 



LSin 





1 
2 
3 
4 

6 

6 

7 
8 
9 

10 

11 
12 
13 
14 

15 

1« 
17 
18 
19 

20 

21 
22 
23 
24 

25 

26 
27 

28 
29 

80 

31 
32 
33 
34 

85 

3(5 

37 
38 
39 

40 

41 
42 
43 
44 

45 

46 

,47 
48 
49 

50 

61 
52 
53 
54 

55 

56 
57 
58 
59 

60 



9.46 594 
9.46635 
9.46676 
9.46 717 
9.46 758 

9.46 800 
9.46841 
9.46882 
9.46923 
9.46964 

9.47 005 
9.47046 
9.47086 
9.47 127 
9.47 168 

9.47 209 
9.47 249 
9.47 290 
9.47 330 
9.47 371 

9.47411 
9.47452 
9.47492 
9.47 533 
9.47 573 

9.47613 
9.47 654 
9.47 694 
9.47 734 
9.47 774 

9.47 814 
9.47 854 
9.47894 

9.47 934 
9.47974 

9.48 014 
9.480)4 
9.48094 
9.48 133 
9.48 173 

9.48213 
9.48252 
9.48 292 
9.48332 
9.48371 

9.48411 
9.48450 
9.48490 
9.48529 
948568 

9.48607 
9.48647 
9.48686 
9.48 725 
9.48764 

9.48 803 
9.48 842 
9.48 881 
9.48920 
9.48 959 

9.48 998 



LCos 



41 
41 
41 
41 
42 

41 
41 
41 
41 

41 

40 
41 
41 
41 

41 

40 
41 
40 
41 
40 

41 
46 
41 
40 
40 

41 
'40 
40 
40 
40 

40 
40 
40 
40 
40 

40 
40 
39 
40 
40 

39 
40 
40 
39 
40 

39 
40 
39 
39 
39 

40 
39 
39 
39 
39 

39 
39 
39 
39 
39 



LTan 



9.48 5;» 
9.48579 
9.48624 
9.48669 
9.48 714 

9.48759 
9.48 801 
9.48849 
9.48894 

9.48 939 

9.49029 
9.49073 
9.49118 

9.49 163 

9.49207 
9.49252 
9.49 296 
9.49 341 

9.49 385 

9.4 9430 

9.49519 
9.49563 
9.49607 

9.49652 
9.49696 
9.49740 
9.49784 
9.49828 

9.49872 
9.49916 
9.49960 
9.50004 
9.50048 

9.50092 

9.50 136 
9.50180 
9.50 223 
9.50 267 

9.50311 
9.50355 
9.50398 
9.50442 
9.50485 

9.50529 
9.50572 
9.50616 
9.50659 
9.50 703 

9.50746 
9.50 789 
9.50833 
9.50876 
9.50 919 

9.50962 
9.51005 
9.51048 
9.61 092 
9.51 135 

9.51 178 



cd 



LCta 



d I LCtn 



45 
45 
45 
45 
45 

45 
45 
45 
45 
45 

45 
44 
45 
45 
44 

45 
44 
45 
44 
45 
44 
45 
44 
44 
45 

44 
44 
44 
44 
44 

44 
44 
44 
44 

44 

44 

44 
43 
44 
44 

44 

43 
44 
43 
44 

43 
44 
43 
44 
43 

43 
44 
43 
43 
43 

43 
43 
44 
43 
43 



0.51466 
0.51 421 
0.51 376 
0.51 331 
0.61286 

0.61 241 
0.61 196 
0.61 151 
0.61 106 
0.61 061 

0.51 016 
0.60971 
0.60927 
0.60882 
0.50837 

0.60 793 
0.50 748 
0.50704 
60669 
0.60615 

0.50 570 
0.50 526 
0.60481 
0.50437 
0.60 393 

0.50 3(8 
0.60304 
0.50 260 
0.60 216 
0.50 172 

0.50128 
0.50084 
0.60040 
0.49 996 
0.49 952 

0.49 908 
0.49864 
0.49 820 
0.49 777 
0.49 733 

0.49 (W9 
0.49645 
0.49602 
0.49 558 
0.49515 

0.49471 
0.49 428 
0.49 384 
0.49341 
0.49297 

0.49 254 
0.49 211 
0.49 167 
0.49 124 
n).49081 

0.49 0:i8 
0.48 995 
0.48 952 
0.48 908 
0.48 865 

0.48 822 



Cd 



LTan 



LOoB 



9.98060 
9.98 a^ 
9.98052 
9.98048 
9.98044 

9.98040 
9.98036 
9.98032 
9.98029 
9.98025 

9.98021 
9.98017 
9.98 013 
9.98009 
9.98005 

9.98 001 
9.97 997 
9.97 993 
9.97989 
9.97 986 

9.97 982 
9.97 978 
9.97 974 
9.97 970 
9.97 966 

9.97 962 
9.97 958 
9.97 964 
9.97 950 
9.97 946 

9.97 942 
9.97 938 
9.97 934 
9.97 930 
9.97 926 

9.97 922 
9.97 918 
9.97 914 
9.97 910 
9.97 906 

9.97 902 
9.97 8i>8 
9.97 8<>4 
9.97 890 
9.97 886 

9.97 882 
9.97 878 
9.97 874 
9.97 870 
9.97 866 

9.97 801 
9.97 857 
9.97 853 
9.97 849 
9.i)7 845 

9.97 841 
9.97 8:^7 
9.97 833 
9.97 82*) 
9.97.826 

9.97 821 



4 

4 
4 
4 
4 

4 
4 
3 

4 
4 

4 
4 
4 
4 

4 

4 
4 
4 
3 
4 

4 
4 
4 
4 
4 

4 
4 
4 
4 
4 

4 
4 
4 
4 
4 

4 
4 
4 
4 
4 

4 
4 
4 
4 
4 

4 
4 

4 
4 
5 

4 
4 

4 
4 

4 

4 
4 
4 
4 
4 



60 

59 
58 
67 
56 

55 

54 
53 
52 
51 

50 

49 
48 
47 
46 

45 

44 
43 
42 
41 

40 

39 
38 
37 
36 

85 

34 
33 
32 
31 

30 

29 
28 
27 
26 

25 

24 
23 
22 
21 

20 

19 
18 
17 
16 

15 

14 
13 
12 
11 

10 

9 
8 
7 
6 

5 

4 
3 
2 
1 





L Sin \ dX ' 



Prop. Pts. 





45 


44 


2 


9.0 


8.8 


3 


13.5 


13.2 


4 


18.0 


17.6 


6 


22.5 


22.0 


6 


27.0 


26.4 


7 


31.6 


30.8 


8 


36.0 


35.2 


9 


40.6 


39.6 





42 


41 


2 


8.4 


82 


3 


12.6 


12.3 


4 


16.8 


16.4 


5 


21.0 


20.6 


6 


25 2 


24.6 


7 


29.4 


28.7 


8 


a3.6 


32.8 


9 


37.8 


36.9 



43 

8.6 
12.9 
17.2 
21.5 
25.8 
30.1 
34.4 
38.7 



40 

8.0 
12.0 
16.0 
20.0 
24.0 
28.0 
32.0 
36.0 





89 


2 


7.8 


3 


11.7 


4 


15.6 


6 


19.5 


6 


23.4 


7 


27.3 


8 


31.2 


9 


35.1 





4 


2 


0.8 


3 


1.2 


4 


1.6 


5 


2.0 


6 


2.4 


7 


2.8 


8 


3.2 


9 


3.6 



5 

1.0 
1.6 
2.0 
2.5 
3.0 
3.5 
4.0 
4.5 



8 

0.6 
0.9 
1.2 
1.5 
1.8 
2.1 
2.4 
2.7 



From the top: 

For 17°+ or 197^+, 
read as printed ; for 
107°+ or 287°+, reau 
co-function. 

From the bottom: 

For 72°+ or 252°+, 
read as printed ; for 
162°+ or 842°+, read 
co-function. 
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IS"* — Logarithms of Trigonometric Fnnctions 



[in 



LSin 





1 
2 
3 
4 

6 

6 

7 
8 
9 

10 

11 
12 
13 
14 

16 

16 
17 
18 
19 

80 

21 
22 
23 
24 

26 

26 
27 
28 
29 

80 

31 
32 
33 
31 

86 

36 
37 
38 
39 

40 

41 
42 
43 
44 

46 

46 
47 
48 
49 

60 

51 
52 
53 
54 

66 

56 
67 
58 
59 



9.48 998 
9.49037 
9.49076 
9.49115 
9.49153 

9.49 192 

9.49 231 
9.49269 
9.49308 
9.49347 

9.49 385 
9.49424 
9.49462 
9.49 500 
9.49539 

9.49577 
9.49615 
9.49654 
9.49692 
9.49730 

9.49768 
9.49806 
9.49844 
9.49882 
9.49920 

9.49 9C8 
9.49996 
9.50034 
9.50072 
9.50 110 

9.50148 
9.50185 

9.50 223 
9.50 261 
9.50 298 

9.50 336 
9.50 374 
9.50411 
9.50449 
9.50486 

9.50 523 
9.50561 
9.50 698 
9.50 6:^5 
9.50673 

9.60 710 
9.50747 
9.50 784 
9.50821 
9.50 858 

9.50896 
9.50933 

9.50 970 
9.51007 
9.51 043 

9.51 080 
9.51 117 

9.51 154 
9.61 191 
9151227 



ISO 9.512m \ 
r~l L Cob I 



39 
39 
39 
38 
39 

39 
38 
39 
39 
38 

39 
38 
38 
39 
38 

38 
39 
38 
38 
38 

38 
38 
38 
38 
38 

38 
38 
38 
38 
38 

37 
38 
38 
37 
38 

38 
37 
38 
37 
37 

38 
37 
37 
38 
37 

37 
37 
37 
37 
38 

37 
37 
37 
36 
37 

37 
37 
37 
36 
37 



LTan 



i 



9.51 178 
9.51 221 
9.51 264 
9.51306 
9.51 349 

9.51 392 
9.51435 
9.51 478 
9.51 520 
9.51 56:^ 

9.51606 
9.51 648 
9.51 691 
9.51 734 
9.51 776 

9.51 819 
9.51 861 
9.51 903 
9.51946 

9.51 988 

9.52031 

9.52 073 
9.52115 
9.52 157 
9.52 200 

9.52 242 
9.52 284 
9.52 326 
9.52 368 
9.52 410 

9.52452 
9.52 494 
9.52 636 
9.52578 
9.52 620 

9.52661 
9.52 703 
9.52 745 
9.52 787 
9.52 829 

9.52 870 
9.52 912 

9.52 ^53 
9.62 995 
9.53037 

9.53078 
9.53 120 
9.53 161 
9.53202 

9.53 244 

9.53 285 
9.53 327 
9.53;3()8 
9.53409 
9.53 450 

9.53 4i)2 
9.535.'^3 
9.53 574 
9.53 615 
9.53656 

9.53 697 
LCtn 



cd 



43 
43 
42 
43 
43 

43 
43 
42 
43 
43 

42 
43 
43 
42 
43 

42 
42 
43 
42 
43 
42 
42 
42 
43 
42 

42 
42 
42 
42 
42 

42 
42 
42 
42 
41 

42 
42 
42 
42 
41 

42 
41 
42 
42 
41 

42 
41 
41 
42 
41 

42 
41 
41 
41 
42 

41 
41 
41 
41 
41 



LCtn 



0.48 822 
0.48 779 
0.48 736 
0.48 694 
0.48651 

0.48 608 
0.48 565 
0.48 522 
0.48 480 
0.48 437 

0.48 394 
0.48 352 
0.48 309 
0.48 266 
0.48 224 

0.48 181 
0.48 139 
0.48097 
0.48 054 
0.48 012 

0.47 969 
0.47 927 
0.47 885 
0.47 843 
0.47 800 

0.47 758 
0.47 716 
0.47 674 
0.47 632 
0.47 590 

0.47 548 
0.47 506 
0.47 464 
0.47 422 
0.47 380 

0.47 339 
0.47 297 
0.47 255 
0.47 213 
0.47 171 

0.47 130 
0.47 088 
0.47 047 
0.47 005 
0.46 963 

0.46 922 
0.46 880 
0.46 8:39 
0.46 798 
0.4(i 756 

0.46 715 
0.46 673 
0.46 632 
0.46 591 
0.46 550 

0.46 508 
0.46 467 
0.46 426 
0.46 385 
0.46:^44 

0.46 303 



LGoB 






9.97 821 
9.97 817 
9.97812 
9.97 808 
9.97 804 

9.97 800 
9.97 796 
9.97 792 
9.97 788 
9.97 784 

9.97 779 
9.97 775 
9.97 771 
9.97 767 
9.97 763 

9.97 759 
9.97 754 
9.97 750 
9.97 746 
9.9T 742 

9.9r738 
9.97 734 
9.97 729 
9.97 725 
9.97 721 

9.97 717 
9.97 713 
9.97 708 
9.97 704 
9.97 700 

9.97 696 
9.97 691 
9.97 687 
9.97 683 
9.97 679 

9.97674 
9.97 670 
9.97 6(^6 
9.97 662 
9.97 657 

9.97 653 
9.97 649 
9.97 645 
9.97 640 
9.97 636 

9.t)7 632 
9.97 628 
9.97 623 
9.97 619 
9.97 615 

9.97 610 
9.97 <)06 
9.97 602 
9.97 597 
9.97 593 

9.<)7 589 
9.ir7 584 
9.97 580 
9.97 576 
9.97 571 



4 
5 

4 

4 
4 

4 
4 
4 
4 
5 

4 

4 
4 
4 
4 

5 

4 
4 
4 
4 

4 
5 
4 
4 
4 

4 
5 
4 
4 
4 

5 
4 
4 
4 
5 

4 
4 
4 
5 
4 

4 
4 
5 
4 
4 

4 
5 
4 
4 
5 

4 
4 
5 
4 
4 

5 
4 
4 
5 

4 



60 

59 
58 
57 
56 

66 

54 



52 
51 

60 

49 
48 
47 
46 

46 

44 
43 
42 
41 

40 

39 
38 
37 
36 

35 

34 
33 

32 
31 

80 

29 
28 
27 
26 

26 

24 
23 
22 
21 

20 

19 
18 
17 
•16 

16 

14 
13 
12 
11 

10 

9 
8 
7 
6 

6 

4 
3 
2 
1 





cd LTan \ Ia^vd. \^ 



\- 



Prop. Pts. 





48 


42 


2 


8.6 


8.4 


3 


12.9 


12.6 


4 


17.2 


16.8 


5 


21.5 


21.0 


6 


25.8 


25.2 


7 


30.1 


29.4 


8 


34.4 


33.6 


9 


38.7 


37.8 





89 


88 


2 


7.8 


7.6 


3 


11.7 


11.4 


4 


15.6 


16.2 


5 


19.5 


19.0 


6 


23.4 


22.8 


7 


27.3 


26.6 


8 


31.2 


30.4 


9 


35.1 


34.2 



41 

8.2 
12.3 
16.4 
20.6 
24.6 
28.7 
32.8 
36.9 



87 

7.4 
11.1 
14.8 
18.5 
22.2 
25.9 
29.6 
33.3 





86 


6 


2 


7.2 


1.0 


3 


10.8 


1.5 


4 


14.4 


2.0 


5 


18.0 


2.6 


6 


21.6 


3.0 


7 


25.2 


3.5 


8 


28.8 


4.0 


9 


32.4 


4.6 



0.8 
1.2 
1.6 
2.0 
2.4 
2.8 
3.2 
3.6 



From the top : 

For 18°+ or 198°+, 

read as printed ; for 
108°+ or 288°+, read 
co-function. 

From the bottom : 

For 71°+ or 261°+, 
read as printed; for 
161°+ or 841°+, read 
co-function. 



\- 
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lO"* — Logarithms of Trigonometric Fimctions 



6£ 



LSin 





1 
2 
3 

4 

5 

6 
7 
8 
9 

10 

11 
12 
13 
14 

15 

16 
17 
18 
19 

20 

21 
22 
23 
24 

25 

26 

27 
28 
29 

80 

31 
32 
33 
34 

85 

36 
37 
38 
39 

40 

41 
42 
43 
44 

45 

46 

47 
48 
49 

50 

51 
52 
53 
54 

55 

66 
57 
58 
59 

60 



9.51 264 
9.51 301 
9.51338 
9.61 374 
9.51411 

9.61447 
9.51484 
9.51520 
9.51557 
9.51 593 

9.51629 
9.51666 
9.51 702 
9.51 738 
9.51 774 

9.51 811 
9.51 847 
9.61883 
9.51 919 
9.51955 

9.51 991 
9.52027 
9.52063 
9.52099 
9.62 135 

9.62 171 

9.52 207 
9.52 242 
9.52 278 
9.52 314 

9.62 350 
9.52 386 
9.52421 
9.52456 
9.52492 

9.52627 
9.52563 
9.52 598 
9.52634 
9.52669 

9.52 706 
9.62740 
9.52 775 
9.52811 
9.52846 

9.52881 
9.52916 
9.62961 
9.52986 
9.53021 

9.53066 
9.53092 
9.53126 
9.53 161 
9.53196 

9.53231 
9.53266 
9.53301 
9.53336 

9.63 370 

9.53405 



LOoB 



37 
37 
36 
37 
36 

37 
36 
37 
36 
36 

37 
36 
36 
36 
37 
36 
36 
36 
36 
39 

36 
36 
36 
36 
36 

36 
35 
36 
36 
36 

36 
36 
35 
36 
35 

36 
35 
36 
35 
36 

35 
35 
36 
35 
35 

35 
35 
35 
35 
35 

36 
34 
35 
35 
35 

35 
35 
35 
34 
35 



LTan 



9.53697 

9.53 738 
9.53779 
9.63820 
9.53861 

9.53902 
9.53943 
9.53984 
9.54025 
9.54065 

9.54106 
9.54 147 

9.54 187 
9.54 228 
9.64269 

9.64309 
9.64 350 
9.54 390 
9.54 431 
9.64471 

9.54 512 
9.54562 
9.54 593 
9.54633 
9.54673 

9.54714 
9.54 754 
9.54 794 
9.54 835 
9.54 875 

9.54 916 

9.64 956 
9.64996 
9.56 035 

9.55 075 

9.66 116 
9.55156 
9.65195 
9.55 236 
9.56275 

9.56315 
9.56366 

9.65 395 
9.65434 
9.65474 

9.56514 

9.66 654 

9.65 693 
9.55633 
9.55673 

9.65712 
9.55 752 

9.55 791 
965 831 

9.56 870 

9.66 910 
9.56 949 
9.65 989 
9.56028 
9.66067 

9.56107 



XCtn 



cd 



1 
1 
1 
1 
1 

1 
1 
1 



1 
1 

40 
1 
1 


1 

1 
40 
1 

40 
1 
40 
40 
41 

40 
40 
41 
40 
40 

40 
40 
40 
40 
40 

40 
40 
40 
40 
40 

40 
40 
39 
40 
40 

40 
39 
40 
40 
39 

40 
39 
40 
39 
40 

39 
40 
39 
39 
40 



Cd 



LGtn 



0.46 303 
0.46262 
0.46 221 
0.46180 
0.46 139 

0.46098 
0.4<>057 
0.46016 
0.46975 
0.45935 

0.45 894 
0.46 853 
0.45 813 
0.45 772 
0.45 731 

0.45 691 
0.45650 
0.46610 
0.45 5()9 
45 629 

0.45 488 
0.45 448 
0.45 407 
0.45 367 
0.45 327 

0.45 286 
0.45 246 
0.45 206 
0.45 165 
0.45126 

0.45085 
0.45 045 
0.45 006 
0.44 965 
0.44 925 

0.44 885 
0.44 816 
0.44 805 
0.44 765 
0.44 725 

0.44 686 
0.44 645 
0.44 605 
0.44 5<;6 
0.44 526 

0.44486 
0.44446 
0.44407 
0.44 367 
0.44 327 

0.44 288 
0.44 248 
0.44 209 
0.44 169 
0.44130 

0.44090 
0.44 051 
0.44 011 
0.43972 
0.43 933 

0.43893 



LTaxL 



LOoB 



9.97 567 
9.97 5(J3 
9.97 658 
9.97 554 
9.97 550 

9.97 645 
9.97 541 
9.W536 
9.97 632 
9.97 628 

9.97 523 
9.97 519 
9.97 515 
9.97 610 
9.97 506 

9.97 501 
9.97 497 
9.97 492 
9.97 488 
9.97 484 

9.97 479 
9.97 475 
9.97 470 
9.97 466 
9.97 461 

9.97 457 
9.97 453 
9.97 448 
9.97 444 
9.97 439 

9.97 435 
9.97 430 
9.97 426 
9.97 421 
9.97 417 

9.97 412 
9.97408 
9.97 403 
9.97 399 
9.97 39i 

9.97 390 
9.97 385 
9.97 381 
9.<)7 376 
9.97 372 

9.97 367 
9.97 363 
9.^)7 :358 
9AYI 353 
9.97 349 

9.97 344 
9.97 340 
9.97 335 
9.97 331 
9.97 326 

9.97 322 
9.97 317 
9.97 312 
9.97 :308 
9.97 303 

9.97 299 



4 
5 
4 
4 
5 
4 
5 
4 
4 
5 

4 
4 
5 
4 
5 

4 
5 

4 
4 
5 
4 
5 
4 
5 
4 

4 
5 
4 
5 

4 

5 

4 
5 
4 
5 
4 
5 
4 
5 
4 

5 
4 
5 
4 
5 
4 
5 
5 
4 
5 

4 
5 

4 
5 

4 

5 
5 
4 
5 

4 



60 

59 
68 
67 
56 

55 

64 
63 
52 
51 

50 

49 
48 
47 
46 

45 

44 

4;^ 

42 
41 

40 

39 
38 
37 
36 

85 

34 
33 
32 
31 

80 

29 
28 
27 
26 

25 

24 
23 
22 
21 

20 

19 
18 
17 
16 

15 

14 
13 
12 
11 

10 

9 

8 
7 
6 

5 

4 
3 
2 
1 





Prop. PtB. 





41 


40 


2 


8.2 


8.0 


3 


12.3 


12.0 


4 


16.4 


16.0 


5 


20.5 


20.0 


6 


24.6 


24.0 


7 


28.7 


28.0 


8 


32.8 


32.0 


9 


1^.9 


36.0 





87 


86 


2 


7.4 


7.2 


3 


11.1 


10.8 


4 


14.8 


14.4 


5 


18.6 


18.0 


6 


22.2 


21.6 


7 


25.9 


25.2 


8 


29.6 


28.8 


9 


33.3 


32.4 



89 

7.8 
11.7 
15.6 
19.6 
23.4 
27.3 
31.2 
36.1 



85 

7.0 
10.6 
14.0 
17.5 
21.0 
24.6 
28.0 
31.5 





84 


5 


2 


6.8 


1.0 


3 


10.2 


1.5 


4 


13.6 


2.0 


6 


17.0 


2.5 


6 


20.4 


3.0 


7 


23.8 


3.5 


8 


27.2 


4.0 


9 


30.6 


4.6 



0.8 
1.2 
1.6 
2.0 
2.4 
2.8 
3.2 
3.6 



From the top : 

For 19°+ or 199«+, 
read as printed ; for 
109°+ or 289°+, read 
co-functioD. 

From the bottom : 

For 70°+ or 250°+, 

read as printed ; for 
160°+ or 840°+, read 
co-function. 
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20'' — Logarithms of Trigonometric Functions 



[m 



LSin 





1 
2 
3 
4 

5 
6 

7 
8 
9 

10 

11 
12 
13 
14 

16 

16 
IT 
18 
19 

80 

21 
22 
23 
24 

26 

26 
27 
28 
29 

80 

31 
32 
33 
34 

86 

36 
37 
38 
39 

40 

41 
42 
43 
44 

46 

46 

47 
48 
49 

50 

51 
52 
53 
54 

55 

56" 
57 
58 
59 



m 



9.53405 
9.53440 
9.53475 
9.53 509 
9.53544 

9.53678 
9.53613 
9.53647 
9.53 682 
9.53 716 

9.53 751 
9.53 785 
9.53 819 
9.53 854 
9.53 888 

9.53922 

9.53 957 
9.58991 
9.54025 
9.54059 

9 54093 
9.54127 
9.54 161 
9.54 195 

9.54 229 

9.54 263 
9.54 297 
9.54 331 
9.54 365 
9.54 399 

9.54433 
9.54466 
9.54 500 
9.54534 
9.54567 

9.54601 
9.54 635 
9.54 668 
9.54 702 
9.54735 

9.54 769 
9.54 802 
9.54 836 
9.54 869 
9.54903 

9.54 936 

9.54 969 

9.55 003 
9.55 036 
9.55069 

9.55 102 
9.55 136 
9.55 169 
9.55 202 
9.55 235 

9.65 268 

9.55 301 

9.56 334 
9.55 367 
9.65 400 

9.55433 



35 
35 
34 
35 
34 

35 
34 
35 
34 
35 

34 
34 
35 
34 
34 

35 
34 
34 
34 
34 
34 
34 
34 
34 
34 

34 
34 
34 
34 
34 

33 
34 
34 
33 
34 

34 
33 
34 
33 
34 

33 
34 
33 
34 
33 

33 
34 
33 
33 
33 

34 
33 
33 
33 
33 

33 
33 
33 
33 
33 



LTan 



9.56107 
9.56146 
9.56 185 
9.56 224 
9.56 264 

9.56 303 
9.56 342 
9.56 381 
9.56 420 
9.56 459 

9.56 498 
9.56 537 
9.56 676 
9.56 615 
9.56 654 

9.56693 
9.56 732 
9.56 771 
9.56 810 
9.56849 

9.56887 
9.56.926 

9.56 965 

9.57 004 
9.57 042 

9.57081 
9.57 120 
9.57 158 
9.57 197 
9.57 236 

9.57 274 
9.57 312 
9.57 351 
9.57 389 
9.57 428 

9.57 466 
9.57 504 
9.57 543 
9.57 581 
9.57 619 

9.57 658 
9.57 696 
9 57 734 
9.57 772 
9.57 810 

9.57 849 
9.57 887 
9.57 925 

9.57 963 
9.58001 

9.68039 
9.58077 

9.58 115 
9.58153 
9.58 191 

9.58 229 
9.58 267 
9.58 304 
9.58 342 
9.58 380 

9.58418 



cd 



39 
39 
39 
40 
39 

39 
39 
39 
39 
39 

39 
39 
39 
39 
39 

39 
39 
39 
39 
38 

39 
39 
39 
38 
39 

39 
38 
39 
38 
39 

38 
39 
38 
39 
38 

38 
39 
38 
38 
39 

38 
38 
38 
38 
39 

38 
38 
38 
38 
38 

38 
38 
38 
38 
38 

38 
37 
38 
38 
38 



LGfen 



0.43893 
0.43854 
0.43816 
0.43 776 
0.43736 

0.43697 
0.43658 
0.43619 
0.43 580 
0.43 541 

0.43502 
0.43463 
0.43 424 
0.43 386 
0.43 346 

0.43 307 
0.43268 
0.43229 
0.43 190 
0.43 151 

0.43113 
0.43074 
0.43035 
0.42 996 
0.42 958 

0.42 919 
0.42 880 
0.42 842 
0.42 803 
0.42 765 

0.42 726 
0.42 688 
0.42 649 
0.42611 
0.42 572 

0.42 634 
0.42 496 
0.42 457 
0.42 419 
0.42 381 

0.42 342 
0.42 304 
0.42 266 
0.42 228 
0.42 190 

0.42 151 
0.42 113 
0.42075 
0.42 037 
0.41999 

0.41961 
0.41 923 
0.41 885 
0.41 847 
0.41 809 

0.41 771 
0.41 733 
0.41 696 
0.41 658 
0.41 620 

0.41 582 



LOoB 



LCoB I d I LCta jcdl LTan \ liSia 



\ 



9.97 299 
9.97294 
9.97289 
9.97285 
9.97 280 

9.97 276 
9.97 271 
9.97266 
9.97 262 
9.97 267 

9.97 262 
9.97 248 
9.97 243 
9.97 238 
9.97 234 

9.97 229 
9.97 224 
9.97 220 
9.97215 
9.97 210 

9;97 206 
9.97 201 
9.97196 
9.97 192 
9.97 187 

9.97 182 
9.97 178 
9.97 173 
9.97 168 
9.97163 

9.97 159 
9.97154 
9.97 149 
9.97145 
9.97140 

9.97135 
9.97 130 
9.97 126 
9.97 121 
9.97 116 

9.97 111 
9.97 107 
9.97 102 
9.97 097 
9.97 092 

9.97 087 
9.97 083 
9.97078 
9.97 073 
9.97068 

9.97 ms 

9.97 059 
9.97 054 
9.97 049 
9.97 044 

9.97 039 
9.97 035 
9.97 030 
9.97 026 
9.97 020 

9.OT 0\5 



5 
5 

4 
5 

4 

6 
5 

4 
6 
5 

4 
6 
5 
4 
5 

5 

4 
5 
5 
4 

5 
6 
4 
6 
5 

4 
5 
5 
5 

4 

5 
5 
4 
5 
5 

5 
4 
6 
5 
5 
4 
5 
5 
5 
5 

4 
5 
5 
6 
5 

4 
5 
5 
5 
5 

4 
5 
5 
5 
5 



60 

69 
58 
57 
66 

66 

54 
63 
52 
61 

50 

49 

48 
47 
46 

45 

44 
43 
42 
41 

40 

39 
38 
37 
36 

85 

34 
33 
32 
31 

80 

29 
28 
27 
26 

25 

24 
23 
22 
21 

20 

19 
18 
17 
16 

16 

14 
13 
12 
11 

10 

9 
8 
7 
6 

6 

4 
3 
2 
1 



Prop. Pt8. 



2 
3 
4 
5 
6 
7 
8 
9 



40 

8.0 
12.0 
16.0 
20.0 
24.0 
28.0 
32.0 
3(5.0 



89 

7.8 
11.7 
15.6 
19.6 
23.4 
27.3 
31.2 
35.1 



88 

7.6 
11.4 
15.2 
19.0 
22.8 
26.6 
30.4 
34.2 





87 


85 


84 


2 


7.4 


7.0 


6.8 


3 


11.1 


10.6 


10.2 


4 


14.8 


14.0 


13.6 


5 


18.6 


17.5 


17.0 


6 


22.2 


21.0 


20.4 


7 


26.9 


24.5 


23.8 


8 


29.6 


28.0 


27.2 


9 


33.3 


31.5 


30.6 





88 


5 


2 


6.6 


1.0 


3 


9.9 


1.5 


4 


13.2 


2.0 


6 


16.6 


2.5 


6 


19.8 


3.0 


7 


23.1 


3.5 


8 


26.4 


4.0 


9 


29.7 


4.5 



0.8 
1.2 
1.6 
2.0 
2.4 
2.8 
3.2 
3.6 



From the top : 

For 20°+ or 200°+, 
read as printed; for 
110°+ or 290°+, read 

co-function. 

From the'hottom : 

For 69°+ or 249°+, 

read as printed ; for 
159°+ or 889°+, read 
co-function. 
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1 
2 
3 
4 

5 

6 

7 
8 
9 

10 

11 
12 
13 
14 

15 

IH 
17 
18 
19 

20 

21 
22 
23 
24 

25 

26 
27 
28 
29 

80 

31 
32 
33 
34 

85 

37 
38 
39 

40 

41 
42 
43 
44 

45 

46 
47 
48 
49 

50 

51 
52 
53 
54 

55 

56 
57 
58 
59 

60 



L Sin 



9.55433 
9.55 466 
9.56499 
9.55 532 
9.55 564 

9.56597 
9.55630 
9.55663 
9.55 695 

9.55 728 

9.66 761 

9.56 793 
9.55826 
9.65 858 
9.55 891 

9.55 923 
9.55956 
9.66988 
9.56021 
9.56053 

9.56086 
9.56 118 
9.66150 
9.56182 
9.5l»215 

9.56247 

9.56 279 
9.56 311 
9.56343 
9.56376 

956408 
9.56440 
9.56472 
9.56 504 
9.56636 

9.56568 
9.56599 
9.66631 
9.56663 
9.56695 

9.56 727 

9.56 759 
9.56790 
9.56822 
9.56854 

9.56886 
9.56917 
9.66949 
9.56980 
9.67012 

9.57044 
9.57075 

9.67 107 
9.57 138 
9.57 169 

9.57201 

9.57 232 
9.57 264 
9.67 295 
9.57326 

9.67 358 



LGoi 



33 
33 
33 
32 
33 

83 
33 
32 
38 
33 

32 
88 
32 
33 
32 

33 
32 
33 
32 
32 

33 
32 
32 
33 
32 

32 
32 
32 
32 
83 

32 
32 
32 
32 
32 

31 
32 
32 
32 
32 

32 
31 
32 
32 
32 

31 
32 
31 
32 
32 

31 
32 
31 
31 
32 

31 
32 
31 
31 
32 



LTan 



9.68418 
9.68466 
9.58493 
9.68531 
9.58669 

9.58606 
9.68644 
9.68681 
9.68719 
9.58 757 

9.58 794 
9.58832 
9.58869 
9.68907 
9.68944 

9.58981 
9.69019 
9.69056 
9 59094 
9.59131 

9.59 168 
9.59205 
9.59243 
9.69280 
9.69317 

9.59364 
9 69391 
9.59429 
9.59466 
9.69503 

9.69610 
9.59677 
9.59614 
9.69 651 
9.59688 

9.59726 
9.59762 

9.59 799 
9.59835 
9.69872 

9.59909 
9.69946 
9.59983 
9.60019 
9.60066 

9.60093 
9.60130 
9.60166 
9.60203 
9.60240 

9.60276 
9.60313 

9.60 349 
9.60:^86 
9.60422 

9.60 459 
9.60495 
9.60532 
9.60 568 
9.60606 

9.60641 



XOtn 



od 



37 
38 
38 
38 
37 

38 
37 
38 
38 
37 

38 
37 
38 
37 
37 

38 
37 
38 
37 
37 

37 
38 
37 
37 
37 

37 
38 
37 
37 
37 

37 
37 
37 
37 
37 

37 
37 
36 
37 
37 

37 
37 
36 
37 
37 

37 
36 
37 
37 
36 

37 
36 
37 
36 
37 

36 
37 
36 
37 
36 



Od 



LOtn 



0.41582 
0.41646 
0.41507 
0.41469 
0.41431 

0.41 394 
0.41366 
0.41 319 
0.41 281 
0.41243 

0.41206 
0.41 168 
0.41 131 
0.41 OiW 
0.41056 

0.41019 
0.40981 
0.40 914 
0.40906 
0.40 8()9 

0.40832 
0.40795 
0.40757 
0.40 720 
0.40683 

0.40 646 
0.40609 
0.40571 
0.40531 
0.40497 

0.40 460 
0.40423 
0.40 386 
0.40349 
0.40 312 

0.40275 
0.40 238 
0.40201 
0.40165 
0.40128 

0.40091 
0.40054 
0.40017 
0.39981 
0.39914 

0.39907 
0.39 870 
0.39834 
0.39797 
0.39760 

0.39724 
0.39687 
0.39651 
0.39614 
0.39578 

0.39641 
0.39605 
0.39468 
0.39432 
0.39 395 

0.30 359 



LOoB 



9.97 016 
9.97 010 
9.97005 
9.97001 
9.96996 

9.96 901 
9.96986 
9.96981 
9.96976 
9.96971 

9.96966 
9.96962 
9.96967 
9.96952 
9.96917 

9.9(J942 
9.96037 
9.96932 
9.96 927 
9.90922 

9.96 917 
9.96912 
9.96907 
9.06903 
9.96898 

9.96803 
9.96888 
0.96 883 
9.96 878 
9.96873 

9.96868 
9.96 863 
9.96858 
9.96 85:^ 
9.96 848 

9.96843 

9.96 833 
9.06828 
9.96823 

9.96818 
9.96 813 
9.96808 
9.06 803 
9.96 798 

9.96793 
9.96 788 
9.0(i783 
0.06 778 
0.06 772 

0.06767 
0.0() 762 
0.06 757 
0.06 752 
0.06 747 

0.96 742 
9.96737 
9.96 732 
9.96 727 
9.06 722 

0.06 717 



6 
6 

4 
6 
5 

6 
5 
5 
5 
6 
4 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 
5 

4 
5 
5 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 
5 
5 
5 
6 

5 
5 
6 
5 
5 

6 
6 
6 
6 
6 

5 
5 
5 
6 
5 

5 
5 
5 
5 
5 



60 

59 
58 
67 
66 

55 

54 
53 
52 
51 

50 

40 
48 
47 
46 

45 

44 
43 
42 
41 

40 

30 
38 
37 
36 

35 

34 
33 
32 
31 

30 

20 
28 
27 
26 

25 

24 
23 
22 
21 

20 

10 
18 
17 
16 

15 

14 

13 
12 
11 

10 


8 
7 
6 

5 

4 
3 
2 
1 





Prop. PtB. 





38 


87 


2 


7.6 


7.4 


3 


11.4 


11.1 


4 


16.2 


14.8 


6 


19.0 


18.5 


6 


22.8 


22.2 


7 


26.6 


25.9 


8 


30.4 


20.6 


9 


34.2 


33.3 





83 


32 


2 


6.6 


6.4 


3 


90 


0.6 


4 


13.2 


12.8 


5 


16.5 


16.0 


6 


10 8 


10.2 


7 


23.1 


22.4 


8 


26.4 


25.6 


9 


20.7 


28.8 



36 

7.2 
10.8 
14.4 
18.0 
21.6 
25.2 
28.8 
32.4 



31 

6.2 
0.3 
12.4 
15.6 
18.6 
21.7 
24.8 
27.0 





6 


5 


2 


1.2 


1.0 


3 


1.8 


1.5 


4 


2.4 


2.0 


6 


3.0 


2.5 


6 


3.6 


3.0 


7 


4.2 


3.5 


8 


4.8 


4.0 





6.4 


4.5 



0.8 
1.2 
1.6 
2.0 
2.4 
2.8 
3.2 
3.6 



From the top: 

For 21°+ or 201^+, 
read as printed ; for 
111°+ or 291°+, read 
co-function. 

From the bottom: 

For 68°+ or 248°+, 

read as printed ; for 
158°+ or 838°+, read 
co-f unction. 
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22"" — Logarithms of Trigonometric Functions 



[in 





1 

2 
3 
4 

6 

6 
7 
8 
9 

10 

11 
12 
13 
14 

16 

16 
17 
18 
19 

20 

21 
22 
23 
24 

86 

26 
27 
28 
29 

80 

31 
32 
33 
34 

36 

36 
37 
38 
39 

40 

41 
42 
43 
44 

46 

46 

47 
48 
49 

60 

51 
62 
63 
54 

66 

56 
57 
58 
59 



L Sin 



IzL 



9.57 ;«8 
9.57 389 
9.57420 
9.57 451 
9.57 482 

9.57514 
9.57 545 
9.57576 
9.57607 
9.57638 

9.67 669 
9.57 700 

9.67 731 
9.57 762 
9.57 793 

9.57 824 
9.67855 
9.57 885 
9.57 916 

9.57 947 

9.57978 
9.58008 
9.58039 
9.58070 

9.58 101 

9.58131 
9.58162 
9.58192 
9.58 223 
9.58 253 

9.58284 
9.58 314 
9.58345 
9.58375 
9.58406 

9.58436 
9.58 467 
9.68497 
9.68527 
9.58 557 

9.58588 
9.58618 
9.58648 

9.68 678 
9.68 709 

9.68739 
9.58 769 
9.58 799 
9.58 829 
9.58 859 

9.68 889 
9.58 919 
9 58949 
9.68 979 
9.59009 

9.59039 
9.59069 
9.59098 
9.59 128 
9.59 168 

9.59188 



31 
31 
31 
31 
32 

31 
31 
31 
31 
31 

31 
31 
31 
31 
31 

31 
30 
31 
31 
31 

30 
31 
31 

31 
30 

31 
30 
31 
30 
31 

30 
31 
30 
31 
30 

31 
30 
30 
30 
31 

30 
30 
30 
31 
30 

30 
30 
30 
30 
30 

30 
30 
30 
30 
30 

30 
29 
30 
30 
30 



LTan 



L Cob 



i 



9.(>0641 
9.60677 
9.60 714 
9.60 750 
9.60786 

9.60 823 
9.60 859 
9.60 895 

9.60 931 
9.60967 

9.61004 
9.61040 
9.61 076 
9.61 112 
9.61 148 

9.61 184 
9.61220 
9.61 256 
9.61292 

9.61 328 

9.61 364 
9.61400 
9.61 436 
9.61 472 
9.61 508 

9.61544 
9.61 579 
9.61 615 
9.61 651 
9.61 687 

9.61 722 
9.61 758 
9.61 794 
9.61830 
9.61805 

9.61 901 
9.61 936 

9.61 972 
9.62008 
9.62043 

9.62079 

9.62 114 
9.02 150 
9.62 185 
9.62 221 

9.62 25f) 
9.62 292 
9.62 327 
9.62 :i62 
9.62 398 

9.62 43:^ 
9.62468 
9.62 504 
9.62 539 
9.62 574 

9.62 609 
9.62 645 
9.62 680 
9.62 715 
9.62 750 

9.62 7a5 
LCtn 



cd 



36 
37 
36 
36 
37 
36 
36 
36 
36 
37 

36 
36 
36 
36 
36 

36 
36 
36 
36 
36 

36 
36 
36 
36 
36 

35 
36 
36 
36 
35 

36 
36 
36 
35 
36 

35 
36 
36 
35 
36 

35 
36 
35 
36 
35 

36 
35 
35 
36 
35 

35 
36 
35 
35 
35 

36 
35 
35 
35 
35 



LCtn 



0.39 359 
0.39323 
0.39 286 
0.39 250 
0.39 214 

0.39 177 
0.39 141 
0.39 106 
0.39069 
0.39 033 

0.38 996 
0.38 9(j0 
0.38 924 
0.38 888 
0.38 852 

0.38 816 
0.38 780 
0.3S 744 
0.38 708 
0.38 672 

0.38 a36 
0.38600 
0.38 564 
0.38 528 
0.38 492 

0.38 456 
0.38 421 
0.38 385 
0.38 349 
0.38 313 

0.38 278 
0.:38 242 
0.38 206 
0.38 170 
0.;« 135 

0.38 01>9 
0.38064 
0.38028 
0.37 <)92 
0.37 957 

0.37 921 
0.37 886 
0.37 850 
0.37 815 
0.37 779 

0.37 744 
0.37 708 
0.37 673 
0.37 638 
0.37 602 

0.37 mi 
0.37 532 
0.37 496 
0.37 461 
0.37 426 

0.37 391 
0.37 355 
0.37 320 
0.37 285 
0.37 250 

0.37 215 



LGOB 



d LTan \ li&va 



\ 



9.96 717 
9.96711 
9.96 706 
9.96 701 
9.96696 

9.96691 
9.96686 
9.96681 
9.96 676 
9.96 670 

9.96665 
9.96660 
9.96 655 
9.96650 
9.96 645 

9.96640 
9.96 634 
9.96629 
9.96 624 
9.96619 

9.96614 
9.96608 
9.9(>603 
9.96 598 
9.9t>59.3 

9.96 588 
9.96 582 
9.96 577 
9.96 572 
9.9(J5U7 

9.1M) 562 
9.96 556 
9.96 551 
9.<)6 546 
9.96 541 

9.9(>5a5 
9.96 530 
9.9() 525 
9.% 520 
9.96 514 

9.9(5 509 
9.96 504 
9.90498 
9.t)6 493 
9.96 488 

9.96483 
9.96 477 
9.96472 
9.90 4<'.7 
9.96461 

9.9()456 
9.i)6451 
9.96445 
9.96440 
9.96435 

9.96429 
9.96 424 
9.9()419 
9.96 413 
9.90408 



6 
5 
5 
5 
5 

5 
5 
5 
6 
5 

5 
5 
5 
5 
5 

6 
5 
5 
5 
5 

6 
5 
5 
5 
5 

6 
5 
5 
5 
5 

6 
5 
5 
5 
6 

5 
5 
5 
6 
5 

I 

5 
6 
5 
5 
5 

6 
5 
5 
6 
5 

5 
6 
5 
5 
6 

5 
5 
6 
5 
5 



60 

59 
58 
57 
56 

66 

54 
53 
52 
51 

60 

49 
48 
47 
46 

46 

44 
43 
42 
41 

40 

39 
38 
37 
3() 

85 

34 
33 
32 
31 

80 

29 
28 
27 
26 

25 

24 
23 
22 
21 

20 

9 

8 
7 
6 

5 

4 

3 
o 

1 



9 

8 
7 
6 

6 

4 
3 
2 
1 



Prop. Pts. 



2 

3 
4 
5 
6 
7 
8 
9 



87 

7.4 

11.1 
14.8 
18.5 
22.2 
25.9 
29.6 
33.3 



36 

7.2 
10.8 
14.4 
18.0 
21.6 
25.2 
28.8 
32.4 





82 


81 


2 


6.4 


6.2 


3 


9.6 


9.3 


4 


12.8 


12.4 


5 


16.0 


15.5 


6 


19.2 


18.6 


7 


22.4 


21.7 


8 


25.6 


24.8 


9 


28.8 


27.9 





29 


6 


2 


6.8 


1.2 


3 


8.7 


1.8 


4 


11.6 


2.4 


5 


14.5 


3.0 


6 


17.4 


3.6 


7 


20.3 


4.2 


8 


23.2 


4.8 


9 


26.1 


5.4 



86 

7.0 
10.5 
14.0 
17.5 
21.0 
24.5 
28.0 
31.5 



80 

6.0 
9.0 
12.0 
16.0 
18.0 
21.0 
24.0 
27.0 



6 

1.0 
1.6 
2.0 
2.5 
3.0 
3.5 
4.0 
4.5 



From the top : 

For 22°+ or 202°+, 

read as printed ; for 
112°+ or 292°+, read 
co-function. 

From the bottom : 

For 67°+ or 247°+, 
read as printed; for 
167°+ or 887°+, read 
co-function. 
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1 

2 
3 
4 

5 

6 
7 
8 
9 

10 

11 
12 
13 
14 

15 
16 
17 
18 
19 

20 

21 
22 
23 
24 

25 

26 

27 
28 
29 

80 

31 
32 
33 
34 

85 

36 
37 
38 
39 

40 

41 
42 
43 
44 

45 

46 
47 
48 
49 

50 

51 
62 
63 
54 

55 

56 
57 
58 
59 

60 



LSin 



9.59 188 
9.59 218 
9.59247 
9.59 277 
9.59 307 

9.59336 
9.59366 
9.59 396 
9.59 425 
9.59465 

9.59484 
9.59614 
9.59543 
9.69573 
9.59602 

9.59632 
9.59661 
9.59 690 
9.59720 
9.59749 

9.69778 



9.59837 
9.59866 
9.69895 

9.69924 
9.59954 
9.59983 
9.60012 
9.60041 

9.60070 
9.60099 
9.60128 
9.60 157 
9.60186 

9.60 216 
9.60244 
9.60 273 
9.60 302 
9.60 331 

9.60359 
9.60 388 
9.60417 
9.60 446 
9.60474 

9.60503 
9.60532 
9.60561 
9.60689 
9.60618 

9.60646 
9.60675 
9.60704 
9.60732 
9.60761 

9.60 789 
9.60 818 
9.60846 
9.60 875 
9.60 903 

9.60931 



LGoB 



30 
29 
30 
30 
29 

30 
30 
29 
30 
29 

30 
29 
30 
29 
30 

29 
29 
30 
29 
29 



29 
29 
29 
29 

30 
29 
29 
29 
29 

29 
29 
29 
29 
29 

29 
29 
29 
29 
28 

29 
29 
29 
28 
29 

29 
29 
28 
29 
28 

29 
29 
28 
29 
28 

29 
28 
29 
28 
28 



LTan 



9.62 786 
9.62 820 
9.62856 
9.62 890 
9.62 926 

9.62961 

9.62 996 
9.63031 

9.63 066 
9.63 101 

9.63135 
9.63 170 
9.63 205 
9.63240 
9.63 275 

9.63 310 
9.63 345 
9.63 379 
9.63414 
9.63449 

9.63484 
9.63519 
9.63663 
9.63588 
9.63623 

9.63657 
9.63692 
9.63726 
9.63 761 
9.63796 

9.63830 
9.63 865 
9.63899 

9.63 934 
9.63968 

9.64003 
9.64037 
9.64072 
9.64 106 
9.64140 

9.64 176 

9.64 209 
9.64 243 
9.64 278 
9.64 312 

9.64346 
9.64 381 
9.64415 
9.64 449 
9.64483 

9.64517 
9.64552 
9.64586 
9.64 620 
9.64654 

9.64688 
9.64 722 
9.64766 
9.64 790 
9.64824 

9.64 858 



LCtn 



cd 



35 
35 
35 
36 
35 

35 
35 
35 
35 
34 

35 
35 
35 
35 
35 

35 
34 
35 
35 
35 

35 
34 
35 
35 
34 

35 
34 
35 
35 
34 

36 
34 
35 
34 
35 

34 
35 
34 
34 
35 
34 
34 
35 
34 
34 

35 
34 
34 
34 
34 

35 
34 
34 
34 
34 

34 
34 
34 
34 
34 



Cd 



LCtn 



0.37 215 
0.37 180 
0.37 145 
0.37110 
0.37074 

0.37 039 
0.37 004 
0.36 969 
0.36934 
0.36899 

0.36 865 
0.3(>830 
O.m 795 
O.m 760 
0.36 725 

0.3()()90 
0.36 (»5 
0.3^)621 
0.:^586 
0.36 551 

0.36 516 
0.:«481 
0.36447 
0.36 412 
0.36 377 

0.36 343 
0.36 308 
0.36 274 
0.3(i239 
0.;%204 

0.36 170 
0.36 135 
0.36 101 
0.3(i0(;6 
0.36032 

0.35 997 
0.35 {m 
0.35 928 
0.35 894 
O.'3o860 

0.35 825 
0.35 791 
0.;i5 757 
0..35 722 
0.35 688 

0.36 654 
0.35 619 
0.35 585 
0.35 551 
0.35 517 

0.35 4§3 
0.35 448 
0.35414 
0.36 380 
0.35 346 

0.35 312 
0.35 278 
0.35 244 
0.35 210 
0.35 176 

0.35 142 



LTan 



LGoB 



9.9(i403 
9.96 3i)7 
9.96 392 
9.96 387 
9.96 381 

9.96 376 
9.96 370 
9.96 365 
9.96 360 
9.96 354 

9.96 349 
9.9(»;343 
9.iK5 338 
9.9()333 
9.96 327 

9.96 322 
9.96 316 
9.1K)311 
9.9() 305 
9.96 300 

9.96 294 
9.96 289 
9.96 284 
9.96 278 
9.96 273 

9.96 267 
9.96262 
9.96 256 
9.96 251 
9.96 245 

9.96 240 
9.96 234 
9.9f)229 
9.96 223 
9.96 218 

9.96 212 
9.9()207 
9.96 201 
9.96196 
9.96190 

9.96185 
9.9() 179 
9.96 174 
9.96 168 
9.96 162 

9.f)6 157 
9.96 161 
9.9(i 146 
9.96 140 
9.96135 

9.96129 
9.9(j 123 
9.96 118 
9.96112 
9.96107 

9.96 101 
9.96095 
9.96090 
9.96084 
9.96079 

9.96 073 



LSin 



6 
5 
5 
6 
5 

6 
5 
5 
6 
5 

6 
5 
5 
6 
5 

6 
5 
6 
5 
6 

5 
5 
6 
5 
6 

5 
6 
5 
6 
5 

6 
5 
6 
5 
6 

5 
6 
5 
6 
5 

6 
5 
6 
6 
5 

6 
5 
6 
5 
6 

6 
5 
6 
5 
6 

6 
5 
6 
5 
6 



60 

59 
68 
57 
56 

55 

64 
63 
52 
61 

50 

49 
48 
47 
46 

45 

44 
43 
42 
41 

40 

39 
38 
37 
36 

85 

34 
33 
32 
31 

80 

29 
28 
27 
26 

25 

24 
23 
22 
21 

20 

19 

18 
17 
16 

15 

14 
13 
12 
11 

10 

9 
8 
7 
6 

5 

4 
3 
2 
1 





Prop. Pts. 





86 


85 


2 


7.2 


7.0 


3 


10.8 


10.5 


4 


14.4 


14.0 


5 


18.0 


17.6 


6 


21.6 


21.0 


7 


25.2 


24.6 


8 


28.8 


28.0 


9 


32.4 


31.6 





80 


29 


2 


6.0 


6.8 


3 


9.0 


. 8.7 


4 


12.0 


11.6 


6 


15.0 


14.5 


6 


18.0 


17.4 


7 


21.0 


20.3 


8 


24.0 


23.2 


9 


27.0 


26.1 



84 

6.8 
10.2 
13.6 
17.0 
20.4 
23.8 
27.2 
30.6 



28 

6.6 
8.4 
11.2 
14.0 
16.8 
19.6 
22.4 
25.2 





6 


2 


1.2 


3 


1.8 


4 


2.4 


5 


3.0 


6 


3.6 


7 


4.2 


8 


4.8 


9 


6.4 



1.0 
1.5 
2.0 
2.6 
3.0 
3.5 
4.0 
4.6 



From the top : 

For 28°+ or 208°+, 

read as printed; for 
118°+ or 298°+, read 
co-function. 

From the bottom : 

For 66°+ or 246°+, 

read as printed; for 
156°+ or 886°+, read 
co-function. 



Yx«^.^^ 



66''— Logarithms of TrigouomettVe. ^xs^^VVs'fts* 



70 Si'' — Logarithms of Trigonometric Functions [m 



\ 





1 

2 
3 
4 

6 

6 

7 
8 
9 

10 

11 
12 
13 
14 

16 

16 
17 
18 
19 

80 

21 
22 
23 
24 

26 

26 
27 

28 
29 

80 

31 
32 
3;3 
34 

85 

37 

38 
39 

40 

41 
42 
43 
44 

45 

46 
47 
48 
49 

50 

61 
62 
53 

64 

55 

66 
67 
68 
69 

60 



LSin 



9.60 931 

9.60 960 
9.60988 
9.61016 
9.61046 

9.61073 
9.61 101 
9.61 129 
9.61 158 
9.61 186 

9.61 214 
9.61 242 
9.61 270 
9.61298 
9.61 326 

9.61364 
9.61 382 
9.61411 
9.61 438 
9.61466' 

9.61 494 
9.61 622 
9.61660 
9.61 678 
9.61606 

9.61634 
9.61 662 
9.61 H89 
9.61 717 
9.61 745 

9.61 773 
9.61800 
9.61 828 

9.61 856 
9.61883 

9.61 911 
9.61 939 
9.61 966 
9.61994 

9.62 021 

9.62.049 
9.62 076 
9.62 104 
9.62 131 
9.62 169 

9.62 186 
9.62 214 
9.62 241 
9.62 268 
9.62 290 

9.62 323 
9.62 a50 
9.62 377 
9.62 405 
9.62 432 

9.62 459 
9.62 mi 
9.62 513 
9.62 541 
9.62 6()8 

9.62 696 



d LTan 



29 
28 
28 
29 
28 

28 
28 
29 
28 
28 

28 
28 
28 
28 
28 

28 
29 
27 
28 
28 

28 
28 
28 
28 
28 

28 
27 
28 
?S 
28 

27 
28 
28 
27 
28 

28 
27 
28 
27 

28 

27 
28 
27 
28 
27 

28 
27 
27 
28 
27 

27 
27 
28 
27 
27 
27 
27 
28 
27 
27 



1 LCOB / 



9.64 858 
9.64 892 
9.64 926 

9.64 960 
9.64994 

9.66028 

9.65 062 
9.65096 
9.66130 
9.66164 

9.65197 

9.66 231 
9.66 2(i6 

9.65 299 

9.66 333 

9.66 366 
9.66 400 

9.65 434 

9.66 467 
9.65601 

9.65 535 

9.66 568 
9.66602 
9.66 636 
9.65669 

9.66 703 
9.65 736 

9.65 770 

9.66 803 
9.65837 

9.65 870 
9.65 904 
9.65 937 

9.65 971 
9.66004 

9.66038 

9.66 071 
9.66104 
9.66138 
9.66 171 

9.66 204 
9.66 238 
9.66 271 
9.66 304 
9.66 337 

9m 371 
9.(i6 404 
9.66437 
9.66 470 
9.66603 

9.66537 
9.66 570 
9.6(3 603 
9.66 636 
9.66 669 

9.66 702 
9.66 736 
9.(36 768 
9.()6 801 
9.66 834 

9.66 867 



LGtn 



cd 



34 
34 
34 
34 
34 

34 
34 
34 
34 
33 

34 
34 
34 
34 
33 

34 
34 
33 
34 
34 

33 
34 
34 
33 
34 

33 
34 
33 
34 
33 

34 
33 
34 
33 
34 

33 
33 
34 
33 
33 

34 

33 
33 
33 
34 

33 
33 
33 
33 
34 

33 
33 
33 
33 
33 

33 
33 
33 
33 
33 



LGtn 



0.35142 
0.35108 
0.35074 
0.35040 
0.35006 

0.34 972 
0.34 938 
0.34904 
0.34 870 
0.34836 

0.34 803 
0.34 769 
0.34 735 
0.34 701 
0.34667 

0.34634 
0.34600 
0.34666 
0.34 633 
0.34 499 

0.34465 
0.34432 
0.34 398 
0.34 364 
0.34 331 

0.34 297 
0.34 264 
0.34230 
0.34197 
0.34163 

0.34 130 
0.34096 
0.34063 
0.34029 
0.33 996 

0.33962 
0.33929 
0.33896 
0.33 8()2 
0.33 829 

0.33 796 
0.33762 
0.33729 
0.33 696 
0.33663 

0.33629 
0.33 696 
0.33 6(;3 
0.33630 
0.33497 

0.33463 
0.33430 
0.33 397 
0.33 364 
0.33 331 

0.33 298 
0.33 265 
0.33 232 
0.33199 
0.33 166 

0.33 133 



LOoB 



9.96073 
9.96067 
9.96062 
9.96056 
9.96050 

9.96045 
9.96039 
9.96034 
9.96028 
9.96022 

9.96017 
9.96011 
9.96005 
9.96000 
9.95994 

9.95988 
9.95982 

9.95 977 

9.96 971 
9.95 965 

9.95960 
9.95954 
9.95 948 
9.95 942 
9.95937 

9.95931 
9.95 926 

9.95 920 

9.96 914 
9.95908 

9.95902 
9.96 897 
9.96 891 
9.95885 
9.95 879 

9.95873 
9.96868 
9.95 862 
9.95866 
9.95 860 

9.95844 
9.95 839 
9.95833 

9.95 827 

9.96 821 

9.95816 
9.96 810 
9.95 804 
9.95 798 
9.95 792 

9.95 786 
9.95 780 
9.95 775 
9.95 769 
9.95 763 

9.95 757 
9.i)5 751 
9.95 745 
9.95739 
9.95 733 

9.95 728 



cd\ LTau \ li^m 



6 
6 
6 
6 
5 

6 
5 
6 
6 
5 

6 
6 
5 
6 
6 

6 
6 
6 
6 
6 

6 
6 
6 
6 
6 

6 
6 
6 
6 
•6 

5 
6 
6 
6 
6 

6 
6 
6 
6 
6 

5 
6 
6 
6 
6 

6 
6 
6 
6 
6 

6 
5 
6 
6 
6 

6 
6 
6 
6 
5 



60 

59 
58 
57 
56 

66 

54 
53 
52 
51 

60 

49 
48 
47 
46 

46 

44 
43 
42 
41 

40 

39 
38 
/37 
;36 

85 

34 
33 
32 
31 

80 

29 
28 
27 
26 

86 

24 
23 
22 
21 

80 

19 
18 
17 
16 

15 

14 
13 
12 
11 

10 

9 

8 
7 
6 

6 

4 
3 
2 
1 





Prop. PtB. 





84 


2 


6.8 


3 


10.2 


4 


13.6 


5 


17.0 


6 


20.4 


7 


23.8 


8 


27.2 


9 


30.6 



88 

6.6 
9.9 
13.2 
16.5 
19.8 
23.1 
26.4 
29.7 



89 

5.8 
8.7 
11.6 
14.5 
17.4 
20.3 
23.2 
26.1 





88 


2 


5.6 


3 


8.4 


4 


11.2 


5 


14.0 


6 


16.8 


7 


19.6 


8 


22.4 


9 


25.2 



87 

5.4 
8.1 
10.8 
13.5 
16.2 
18.9 
21.6 
24.3 





6 


2 


1.2 


3 


1.8 


4 


2.4 


5 


3.0 


6 


3.6 


7 


4.2 


8 


4.8 


9 


5.4 



1.0 
1.6 
2.0 
2.5 
3.0 
3.5 
4.0 
4.5 



From the top : 

For 24°+ or 204°+, 
read as printed; for 
114°+ or 294°+, read 
co-function. 

From the bottom : 

For 66°+ or 246°+, 
read as printed; for 
156°+ or 886°+, read 
co-function. 



vrn, 



Prop. Pts. 



65''— Logarithms ot Trigouom^VxV^ ^xKCkfc^wis. 
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25° — Logarithms of Trigonometric Fanctions 71 



L Sin 





1 
2 
3 
4 

5 

6 

7 
8 
9 

10 

11 
12 
13 
14 

15 

16 
17 

18 
19 

20 

22 
23 
24 

25 

26 
27 
28 
29 

80 

31 
32 
33 
34 

85 

m 

37 
38 
39 

40 

41 
42 
43 
44 

45 

46 

47 
48 
49 

50 

51 
52 
53 
54 

55 

56 
57 

58 
59 

60 



9.62 595 
9.62 622 
9.62 649 
9.62 676 
9.62 703 

9.62 730 
9.62 757 
9.62 784 
9.62811 
9.62838 

9.62 865 
9.62892 
9.62 918 
9.62 945 

9.62 972 

9.62999 
9.6:3026 
9.63052 
9.63079 
9.63106 

9.63 133 
9.63 159 
9.63186 
9.63213 
9.63239 

9.63266 
9.63292 
9.63319 
9.63345 
9.63372 

9.63398 
9.63426 
9.63451 
9.63478 
9.63504 

9.63531 
9.63557 
9.63583 
9.63610 
9.63636 

9.63662 
9.63689 

9.63 715 
9.63 741 
9.63767 



.63794 
.63 820 
.63846 
.63 872 
.63898 

.63924 
.63 950 
.63 976 
64002 
.64028 

9.64054 
9.64080 
9.64106 
9.64 132 
9.64158 

9.64184 



9 
9 
9 
9 
9 

9 
9 
9 
9 
9 



LGoi 



27 
27 
27 
27 
27 

27 
27 
27 
27 
27 

27 
26 
27 
27 
27 

27 
26 
27 
27 
27 

26 
27 
27 
26 
27 
26 
27 
26 
27 
26 

27 
26 
27 
26 
27 
26 
26 
27 
26 
26 

27 
26 
26 
26 
27 

26 
26 
26 
26 
26 

26 
26 
26 
26 
26 

26 
26 
26 
26 
26 



LTan led 



9.66 867 
9.66 900 
9.66 933 

9.66 966 
9.66999 

9.67032 

9.67 065 
9.67 098 
9.67 131 
9.67 163 

9.67 196 
9.67 229 
9.67 262 
9.67 295 
9.67 327 

9.67 ;«)0 
9.67 393 
9.67426 
9.67458 
9.67491 

9.67 524 
9.67to 
9.67589 
9.67622 
9.67654 

9.67687 
9.67 719 
9.67752 
9.67 785 
9.67 817 

9.67860 
9.67 882 
9.67 915 
9.67 947 

9.67 980 

9.68012 
9.68044 
9.68077 
9.68109 
9.68142 

9.68 174 
9.68206 

9.68 2;39 
9.68 271 
9.68303 

9.68336 
9.68 368 
9.68 400 
9.68432 
9.68465 

9.68497 
9.68 629 
9.68561 
9.68593 
9.68 626 

9.68658 
9.68690 
9.68722 
9.68 754 
9.68 786 

9.68818 



33 
33 
33 
33 
33 

33 
33 
33 
32 
33 

33 
33 
33 
32 
33 

33 
33 
32 
33 
33 
32 
33 
33 
32 
33 
32 
33 
33 
32 
33 

32 
33 
32 
33 
32 

32 
33 
32 
33 
32 

32 
33 
32 
32 
33 

32 
32 
32 
33 
32 

32 
32 
32 
33 
32 

32 
32 
32 
32 
32 



LCfen 



d I L Ctn led 



0.33133 
0.33100 
0.33067 
0.33034 
0.33001 

0.32 968 
0.32 935 
0.32 902 
0.32 869 
0.32 837 

0.32 804 
0.32 771 
0.32 738 
0.32 705 
0.32 673 

0.32 640 
0.32 607 
0.32 574 
0.32 512 
0.32 509 

0.32 476 
0.32 444 
0.32 411 
0.32 378 
0.32 346 

0.32 313 
0.32 281 
0.32 248 
0.32 215 
0.32183 

0.32 150 
0.32 118 
0.32 085 
0.32 053 
0.32020 

0.31988 
0.31 956 
0.31 1)23 
0.3J 891 
0.31 858 

0.31 826 
0.31 791 
0.31 761 
0.31 729 
0.31 697 

0.31 664 
0.31 6.52 
0.31600 
0.31 5()8 
0.31 535 

0.31 503 
0.31 471 
0.31 439 
0.31 407 
0.31 374 

0.31 r42 
0.31 310 
0.31 278 
0.31 246 
0.31 214 

0.31 182 



LTan 



L Gob I d 



9.95 728 
9.i»5 722 
9.95 716 
9.95 710 
9.95 704 

9.95698 
9.95692 
9.95 686 
9.95680 
9,95 674 

9.95668 
9.95 «« 
9.J)5657 
9.95 651 
9.95645 

9.a5 639 
9.95 (vi3 
9.95 627 
9m 621 
9.95 615 

9.95609 
9.95 603 
9.95 697 
9.95 591 
9.95 585 

9.95 579 
9.95 573 
9.95 567 
9.95 mi 
9.95565 

9.95 549 
9.95 543 
9.95 537 
9.95 5:^1 
9.95 525 

9.95 519 
9.95 513 
9.95 507 
9.95 500 
9.9j 494 

9.95 488 
9.95482 
9.95 476 
9.95 470 
9.95 464 

9.95 468 
9.95 452 
9.95 446 
9.95 440 
9.95 434 

9.95 427 
9.95 421 
9.95 415 
9.95 409 
9.95 403 

9.95 397 
9.95 391 

9.95 384 

9.96 378 
9.95 372 

9.95 366 



6 
6 
6 
6 
6 

6 
6 
6 
6 
6 

6 
6 
6 
6 
6 

6 
6 
6 
6 
6 

6 
6 
6 
6 
6 

6 
6 
6 
6 
6 

6 
6 
6 
6 
6 

6 
6 
7 
6 
6 

6 
6 
6 
6 
6 

6 
6 
6 
6 
7 

6 
6 
6 
6 
6 

6 
7 
6 
6 
6 



60 

59 
68 
67 
66 

55 

64 
53 
52 
61 

50 

49 
48 
47 
46 

45 

44 
43 
42 
41 

40 

39 
38 
37 
36 

85 

34 

:« 

32 
31 

80 

29 
28 
27 
26 

25 

24 
23 
22 
21 

20 

19 
18 
17 
16 

15 

14 
13 
12 
11 

10 

9 
8 
7 
6 

5 

4 
3 
2 
1 





LSva \ ^lV 



Prop. Pts. 





88 


82 


2 


6.6 


6.4 


3 


9.9 


9.6 


4 


13.2 


12.8 


5 


16.6 


16.0 


6 


19.8 


19.2 


7 


23.1 


22.4 


8 


26.4 


25.6 


9 


29.7 


28.8 



27 

6.4 

8.1 
10.8 
13.6 
16.2 
18.9 
21.6 
24.3 





26 


2 


5.2 


3 


7.8 


4 


10.4 


5 


13.0 


6 


15.6 


7 


18.2 


8 


20.8 


9 


23.4 



7 

1.4 
2.1 
2.8 
3.6 
4.2 
4.9 
5.6 
6.3 





6 


5 


2 


1.2 


1.0 


3 


1.8 


1.5 


4 


2.4 


2.0 


6 


3.0 


2.6 


6 


3.6 


3.0 


7 


4.2 


3.5 


8 


4.8 


4.0 


9 


6.4 


4.6 



From the top: 

For 25°+ or 205°+, 
read as printed; for 
115°+ or 296°+, read 
co-function. 

From the bottom: 

For 64°+ or 244^+, 
read as printed; for 
154°+ or 884°+, read 
co-function. 
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64°—L(^arithms of TrigonomeViV^i ^^u^riCwas. 
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26'' — Logarithms of Trigonometric Fimctions 



pn 



LSin 





1 
2 
3 
4 

5 

6 

7 
8 
9 

10 

11 
12 
13 
14 

15 

16 
17 
18 
19 

20 

21 
22 
23 
24 

85 

26 
27 
28 
29 

80 

31 
32 
33 
34 

85 

36 
37 
38 
39 

40 

41 
42 
43 
44 

45 

46 
47 
48 
49 

50 

51 
52 
53 
54 

55 

5« 
57 
58 
59 

60 



9.61184 
9.61 210 
9.()4 2;36 
9.64 2(>2 
9.64 288 

9.64 313 
9.64 3:^9 
9.(^4 365 
9.64 391 
9.64417 

9.64442 
9.64 468 
9-64 494 
9.(>4 519 
9.64 545 

9.64 571 
9A'A 596 
9.(54 622 
9.(54 (>47 
9.(54 673 

9.64 698 
9.64 724 
9.(54 749 
9.64 775 
9.64 800 

9.64 826 
9.(54 851 
9.(54 877 
9.64 902 
9.64 927 

9.64 i»3 
9.(54 978 

9.65 003 
9.65029 
9.65054 

9.65079 
9.65104 
9.(55 130 
9.65 155 
9.65180 

9.65 205 
9.65 230 

9.65 255 

9.66 281 
9.65 306 

9.(55 331 
9.(55 356 
9.65 381 
9.65406 
9.65431 

9.65 456 
9.65 481 
9.65 506 
9.65 531 
9.65 556 

9.65580 
9.(55 (505 
9.65 630 
9.65 655 
9.65680 

9.65 705 



LCOB 



26 
26 
26 
26 
25 

26 
26 
26 
26 
25 

26 
26 
25 
26 
26 

25 
26 
25 
26 
25 

26 
25 
26 
25 
26 

25 
26 
25 
25 
26 

25 
25 
26 
25 
25 

25 
26 
25 
25 
25 

25 
25 
26 
25 
25 

25 
25 
25 
25 
25 

25 
25 
25 
25 
24 

25 
25 
25 
25 
25 



LTan 



9.68818 
9.68 850 
9.(58 882 
9.68 914 

9.68 946 

9.68^178 
9.(59010 

9.69 (H2 
9.69 074 
9.69 106 

9.69 138 
9.69 170 
9.(59 202 
9.09 234 
9.69 266 

9.69298 
9.(19 329 
9.(59 ;5(51 
9.(59 393 
9.(59425 

9.(59457 
9.(59488 
9.(59520 
9.(59 552 
9.(59584 

9.69615 
9.(59(547 
9.69 679 
9.(59 710 
9.69742 

9.69 774 
9.69805 
9.69 8.S7 
9.(59 868 
9.69900 

9.69 932 
9.69 9(53 

9.69 9iW5 
9.70026 
9.70058 

9.70089 

9.70 121 
9.70 162 
9.70 184 
9.70 215 

9.70 247 
9.70 278 
9.70 309 
9.70341 
9.70 372 

9.70 404 
9.70435 
9.70 4(K5 
9.70498 
9.70529 

9.705(50 
9.70 592 
9.70623 
9.70 a54 
9.70(585 

9.70717 



LCtn 



cd 



32 
32 
32 
32 
32 

32 
32 
32 
32 
32 

32 
32 
32 
32 
32 

31 
32 
32 
32 
32 

31 
32 
32 
32 
31 

32 
32 
31 
32 
32 

31 
32 
31 
32 
32 

31 
32 
31 
32 
31 

32 
31 
32 
31 
32 

31 
31 
32 
31 
32 

31 
31 
32 
31 
31 
32 
31 
31 
31 
32 



Cd 



LCtn 



0.31 182 
0.31 150 
0.31 118 
0.31 08(5 
0.31 054 

0.31022 
0.30 990 
0.30 i«8 
0.;i0 92(5 
0.30894 

0.30862 
0.;50 830 
0.30 798 
0.30 766 
0.30 734 

0.30702 
0.;50671 
0.:50 639 
0.:X)607 
0.30575 

0.30543 
0.30 512 
0.30480 
0.;50 448 
0.30 416 

0.30 385 
0.30 353 
0.30 321 
0.30 290 
0.30258 

0.30226 
0..'50 195 
0.30163 
0.30 132 
0.30100 

0.30068 
0.30037 
0.30005 
0.2<)974 
0.29942 

0.29911 
0.29 879 
0.29 848 
0.29816 
0.29 785 

0.29 753 
0.29 722 
0.29(591 
0.29(559 
0.29628 

0.29 596 
0.29 565 
0.29534 
0.29502 
0.29471 

0.29440 
0.29408 
0.29 377 
0.29 346 
0.29 315 

0.29 283 



LTan. 



LGoB 



9.95366 
9.1»5 :i60 
9.^)5 354 
9.95 348 
9.95 311 

9.95 335 
9.95 329 

9.95 323 

9.96 317 
9.96 310 

9.95 304 
9.95 298 
9.95 292 
9.?»5 286 
9.96279 

9.95 273 
g.tV) 267 
9.<»5 261 
9.95 254 
9.95248 

9.95 242 
9.95 236 
9.95 229 
9.95 223 
9.<)5 217 

9.95 211 
9.95 204 
9.i»6 198 
9.95192 
9.95186 

9.95 179 
9.95173 
9.95 167 
9.96160 
9.95 154 

9.95 148 
9.95 141 
9.95 135 
9.95 129 
9.96122 

9.96116 
9.96110 
9.i)5 103 
9.95097 
9.95090 

9.95 084 
9.95078 
9.95071- 
9.95065 
9.95 059 

9.95052 
9.95046 
9.96039 
9.^5 033 
9.95027 

9.95020 
9.95 014 
9.95007 
9.95 001 
9.94 995 

9.94 988 



LSiiL 



6 

6 
6 

7 
6 

6 
6 
6 
7 
6 

6 
6 
6 
7 
6 

6 
6 
7 
6 
6 

6 
7 
6 
6 
6 

7 
6 
6 
7 
6 

6 
6 
7 
6 
6 

7 
6 
6 
7 
6 

6 
7 
6 
7 
6 

6 
7 
6 
6 
7 

6 
7 
6 
6 

7 

6 
7 
6 
6 
7 



60 

59 
58 
57 
66 

55 

64 
53 
62 
61 

50 

49 
48 
47 
46 

45 

44 
43 
42 
41 

40 

39 
38 
37 
36 

85 

34 
33 
32 
31 

80 

29 
28 
27 
26 

85 

24 
23 
22 
21 

80 

19 
18 
17 
16 

15 

14 
13 
12 
11 

10 

9 

8 
7 
6 

5 

4 
3 
2 
1 





Prop. Pti. 





88 


81 


2 


64 


6.2 


3 


9.6 


9.3 


4 


12.8 


12.4 


6 


16.0 


16.6 


6 


19.2 


18.6 


7 


22.4 


21.7 


8 


25.6 


24.8 


9 


28.8 


27.9 



86 

6.2 
7.8 
10.4 
13.0 
16.6 
18.2 
20.8 
23.4 





85 


2 


5.0 


3 


7.5 


4 


10.0 


6 


12.6 


6 


15.0 


7 


17.6 


8 


20.0 


9 


22.6 





7 


2 


1.4 


3 


2.1 


4 


2.8 


6 


3.6 


6 


4.2 


7 


4.9 


8 


5.6 


9 


6.3 



•84 

4.8 
7.2 
9.6 
12.0 
14.4 
16.8 
19.2 
21.6 



6 

1.2 
1.8 
2.4 
3.0 
3.6 
4.2 
4.8 
6.4 



From the top: 

For 86®-»- or 806°+, 

read as printed ; for 
116°+ or 296°+, read 
co-function. 

From the bottom: 

For 68°+ or 848°+, 

read as printed; for 
158°+ or 888°+, read 
co-function. 



Prop. Pts. 



63°— Logarithms ot TrlgouometarLti ^8iiMftR\^»m 



ni] 27'' — Logarithms of Trigonometric Fnnctlons 



73 





1 

2 
3 
4 

5 

6 
7 
8 
9 

10 

11 
12 
13 
14 

16 

16 
17 
18 
19 

20 

21 
22 
23 
24 

25 

26 
27 
28 
29 

80 

31 
32 
33 
34 

85 

36 
37 
38 
39 

40 

41 
42 
43 
44 

45 

46 
47 
48 
49 

50 

51 
52 
53 
54 

55 

56 
57 
58 
59 

60 



LSin 



9.66 705 
9.65 729 
9.65 754 
9.65 779 
9.65 804 

9.65 828 
9.65 853 
9.65 878 
9.65 902 
9.65 927 

9.65 952 

9.65 976 
9.66001 
9.66025 
9.66060 

9.66075 
9.66099 
9.66 124 
9.66148 
9.66 173 

9.66197 

9.66 221 
9.66 246 
9.66270 
9.66295 

9.66 319 
9.66 :H3 
9.66368 
9.66 392 
9.66416 

9.66441 
9.66465 
9.6(i489 
9.66513 
9.66 537 

9.66562 
9.66586 
9.66610 
9.66634 
9.66658 

9.66682 
9.66 706 
9.66731 
9.66755 
9.66779 

9.66803 
9.66827 
9.66851 
9.66875 
9.66899 

9.66922 

9.66 946 
9.66970 
9.66994 
9.67018 

9.67042 
9.67066 
9.67090 

9.67 113 
9.67 137 

9.67 161 



24 
25 
25 
25 
24 

25 
25 
24 
25 
25 

24 
25 
24 
25 
25 

24 
25 
24 
25 
24 

24 
25 
24 
25 
24 

24 
25 
24 
24 
25 

24 
24 
24 
24 
25 
24 
24 
24 
24 
24 

24 
25 
24 
24 
24 

24 
24 
24 
24 
23 

24 
24 
24 
24 
24 

24 
24 
23 
24 
24 



LCm / d I LCtSk 



LTan 



9.70 
9.70 
9.70 
9.70 
9.70 

9.70 
9.70 
9.70 
9.70 
9.70 

9.71 
9.71 
9.71 
9.71 
9.71 

9.71 
9.71 
9.71 
9.71 
9.71 

9.71 
9.71 
9.71 
9.71 
9.71 

9.71 
9.71 
9.71 
9.71 
9.71 

9.71 
9.71 
9.71 
9.71 
9.71 

9.71 
9.71 
9.71 
9.71 
9.71 

9.71 
9.71 
9.72 
9.72 
9.72 

9.72 
9.72 
9.72 
9.72 
9.72 

9.72 
9.72 
9.72 
9.72 
9.72 

9.72 
9.72 
9.72 
9.72 
9.72 

9.72 



717 

748 
779 
810 
841 

873 
904 
935 
966 
997 

028 
059 
090 
121 
153 

184 
215 
246 

277 
308 

a39 
370 
401 
431 
462 

493 
524 
555 
586 
617 

648 
679 
709 
740 
771 

802 
833 
863 
894 
925 

955 
986 
017 
048 
078 

109 
140 
170 
201 
231 

262 
293 
323 
354 
384 

415 
445 
476 
506 
537 

567 



cd 



3 
3 
3 
3 
32 

3 
3 
3 
3 
3 

3 

3 

3 

32 

3 



3 
3 
3 
3 

3 

3 

30 

3 

3 

3 
3 
3 
3 
3 

3 
30 



3 

3 

30 

3 

3 

30 

3 

3 

3 

30 

3 

3 

30 

3 

30 

3 

3 

30 

3 

30 

3 

30 

3 

30 

3 

30 



Cd 



LGtn 



0.29283 
0.29252 
0.29 221 
0.29 190 
0.29 159 

0.29127 
0.29096 
0.29065 
0.29034 
0.29003 

0.28972 
0.28941 
0.28 910 
0.28 879 
0.28847 

0.28816 
0.28785 
0.28 754 
0.28723 
0.28 692 

0.28661 
0.28 6:X) 
0.28599 
0.28569 
0.28 538 

0.28507 
0.28476 
0.28 445 
0.28414 
0.28 383 

0.28 352 
0.28 321 
0.28 291 
0.28260 
0.28 229 

0.28198 
0.28 167 
0.28137 
0.28106 
0.28075 

0.28045 
0.28014 
0.27 983 
0.27 952 
0.27 922 

0.27 891 
0.27 8(i0 
0.27 830 
0.27 799 
0.27 769 

0.27 738 
0.27 707 
0.27 677 
0.27 646 
0.27616 

0.27585 
0.27 555 
0.27 524 
0.27 494 
0.27 463 

0.27 433 



LTan 



LGoB 



9.94988 
9.94 982 
9.94 975 
9.94 969 
9.94 962 

9.94 956 
9.<H 949 
9.94 943 
9.94 936 
9.94 930 

9.94 923 
9.94917 
9.94 911 

9.94898 

9.94 891 
9.J)4885 
9.i)4 878 
9.i)4 871 
9.94 865 

9.94 858 
9.<>4 852 
9.94 845 
9.94 839 
9.94 832 

9.W826 
9.94 819 
9.94 813 
9.94 806 
9.94 799 

9.94 793 
9.94 78() 
9.94 780 
9.94 773 
9.94 707 

9.94760 
9.94753 
9.94 747 
9.94 740 
9.94 734 

9.94 727 
9.94 720 
9.94 714 
9.94707 
9.94 700 

9.94694 
9.94687 
9.94680 
9.94674 
9.94 667 

9.94660 
9.94 654 
9.94 647 
9.94640 
9.94634 

9.94627 
9.94 620 
9.94614 
9.94607 
9.94600 

9.94593 



6 
7 
6 

7 
6 

7 
6 

7 
6 
7 

6 
6 
7 
6 

7 

6 
7 
7 
6 
7 
6 
7 
6 
7 
6 

7 
6 
7 
7 
6 

7 
6 
7 
6 
7 

7 
6 
7 
6 
7 

7 
6 
7 
7 
6 

7 
7 
6 
7 
7 

6 

7 
7 
6 
7 

7 
6 
7 
7 
7 



Lata 



\T\- 



60 

59 
58 
67 
56 

55 

54 
53 
52 
51 

50 

49 
48 
47 
46 

45 

44 
43 
42 
41 

40 

39 
38 
37 
36 

85 

34 
33 
32 
31 

80 

29 
28 
27 
2(j 

25 

24 
23 
22 
21 

20 

19 
18 
17 
16 

15 

14 
13 
12 
11 

10 

9 

8 
7 
6 

5 
4 

3 
2 

1 





Prop. Pts. 





82 


81 


2 


6.4 


6.2 


3 


9.6 


9.3 


4 


12.8 


12.4 


5 


16.0 


15.5 


6 


19.2 


18.6 


7 


22.4 


21.7 


8 


25.6 


24.8 


9 


28.8 


27.9 





25 


24 


2 


5.0 


4.8 


3 


7.5 


7.2 


4 


10.0 


9.6 


5 


12.5 


12.0 


6 


16.0 


14.4 


7 


17.5 


16.8 


8 


20.0 


19.2 


9 


22.5 


21.6 



80 

6.0 
9.0 
12.0 
15.0 
18.0 
21.0 
24.0 
27.0 



28 

4.6 
6.9 
9.2 
11.5 
13.8 
16.1 
18.4 
20.7 





7 


2 


1.4 


3 


2.1 


4 


2.8 


5 


3.5 


6 


4.2 


7 


4.9 


8 


5.6 


9 


6.3 



6 

1.2 
1.8 
2.4 
3.0 
3.6 
4.2 
4.8 
5.4 



From the top : 

For 27°+ or 207°+, 
read as printed; for 
117°+ or 297°+, read 
eo-functioD. 

From the bottom : 

For 62°+ or 242°+, 

read as printed; for 
152°+ or 882°+, read 
co-f unction. 



I 



\- 



•^q^.'^^Na^. 



62''— Logarithms of Trigonome^tcVfo ^\Mtt&V\wa. 



74 28° — Logarithms of Trigonometric Functions 



pn 





1 

2 
3 
4 

5 

6 

7 
8 
9 

10 

11 
12 
13 
14 

15 

16 
17 
18 
19 

20 

21 
22 
23 
24 

25 

26 
27 
28 
29 

80 

31 
32 
33 
34 

85 

36 
37 
38 
39 

40 

41 
42 
43 
44 

45 

46 
47 
48 
49 

50 

51 
52 
53 
54 

55 

56 

67 

.58 

59 



LSin 



& 



9.67 161 
9.67 185 
9.67 208 
9.67 2;i2 
9.67 256 

9.67 280 
9.67 303 
9.67 327 
9.67 330 
9.67 374 

9.67 398 
9.67 421 
9.67 445 
9.67 468 
9.67492 

9.67 515 
9.67 539 
9.67 562 
9.67 586 
9.67 609 

9.67633 
9.67656 
9.67 680 
9.67 703 
9.67 726 

9.67 750 
9.67 773 
9.67 796 
9.67 820 
9.67 8^13 

9.67 866 
9.67 890 
9.67 913 
9.67 936 
9.67959 

9.67 982 

9.68 006 
9.68 029 
9.68052 
9.68 075 

9.68098 
9.68 121 
9.68 144 
9.68 167 
9.68 190 

9.68 213 
9.68 237 
9.68260 
9.68 283 
9.68 :i05 

9.68 328 
9.68 351 
9.68 374 
9.68 397 
9.68 420 

9.68443 
9.68466 
9.68489 
9.68 512 
9.68534 

9.68 557 



24 
23 
24 
24 
24 

23 
24 
23 
24 
24 

23 
24 
23 
24 
23 

24 
23 
24 
23 
24 

23 
24 
23 
23 
24 

23 
23 
24 
23 
23 

24 
23 
23 
23 
23 

24 
23 
23 
23 
23 

23 
23 
23 
23 
23 

24 
23 
23 
22 
23 

23 
23 
23 
23 
23 

23 
23 
23 
22 
23 



LCoB Id 



LTan 



9.72567 
9.72 598 
9.72628 
9.72659 
9.72689 

9.72720 
9.72760 
9.72 780 
9.72 811 
9.72 841 

9.72 872 
9.72 902 
9.72932 

9.72 963 
9.72993 

9.73023 
9.73064 
9.73084 
9.73 114 
9.73 144 

9.73 175 
9.73205 

9.73 235 
9.73 265 
9.73296 

9.73 326 
9.73 356 
9.73 386 
9.73416 
9.73446 

9.73476 
9.73 507 
9.73537 
9.73 5()7 
9.73 597 

9.73 027 
9.73657 
9.73687 
9.73 717 
9.73747 

9.73777 
9.73 807 
9.73 837 
9.73 8(>7 

9.73 8irr 

9.73927 
9.73957 
9.73987 

9.74 017 
9.74047 

9.74 077 
9.74 107 
9.74 137 
9.74 166 
9.74 im 

9.74 226 
9.74 256 
9.74 286 
9.74 316 
9.74 345 

9.74375 



LGtn 



cd 



31 
30 
31 
30 
31 

30 
30 
31 
30 
31 

30 
30 
31 
30 
30 

31 
30 
30 
30 
31 

30 
30 
30 
30 
31 

30 
30 
30 
30 
30 

31 
30 
30 
30 
30 

30 
30 
30 
30 
30 

30 
30 
30 
30 
30 

30 
30 
30 
30 
30 

30 
30 
29 
30 
30 

30 
30 
30 
29 
30 



LCtn 



0.27 433 
0.27 402 
0.27 372 
0.27 341 
0.27311 

0.27280 
0.27 250 
0.27220 
0.27189 
0.27 169 

0.27 128 
0.27098 
0.27 068 
0.27 037 
0.27007 

0.26977 
0.26 946 
0.26916 
0.26886 
0.26 856 

0.26 825 
0.26 795 
0.26 765 
0.26735 
0.26 705 

0.26674 
0.26644 
0.26 614 
0.26 684 
0.26554 

0.26524 
0.26493 
0.26463 
0.26433 
0.26403 

0.26 373 
0.26343 
0.26313 
0.26 283 
0.26253 

0.26 223 
0.2() 193 
0.26 163 
0.26 133 
0.26103 

0.26073 
0.26043 
0.26013 
0.25 983 
0.25 953 

0.25 923 
0.25 893 
0.25 863 
0.25 834 
0.23 804 

0.25 774 
0.25 744 
0.25 714 
0.25684 
0.25 655 

0.25 625 



cd\ LTan 



LCoB 


d 


60 


9.94593 




9.94687 


6 


69 


9.94580 


7 


68 


9.94 573 


7 


67 


9.94667 


6 
7 


56 


9.94660 


55 


9.94663 


7 


64 


9.94646 


7 


63 


9.94540 


6 


62 


9.94 633 


7 
7 

7 


61 


9.94 526 


50 


9.J)4519 


49 


9.94513 





48 


9.94 506 


7 


47 


9.94499 


7 
7 

7 
6 

9* 


46 


9.94492 


45 


9.94485 


44 


9.94 479 


43 


9.i)4472 


7 


42 


9.94465 


7 
7 

7 
6 


41 


9.94458 


40 


9.94451 


39 


9.94446 


38 


9.94438 


7 


37 


9.94431 


7 

7 

7 
7 

it 


36 


9.94424 


85 


9.94 417 


34 


9.94410 


33 


9.94 404 


6 


32 


9.94 397 


7 
7 

7 
7 
7 


31 


9.94 390 


80 


9.94383 


29 


9.94376 


28 


9.94 369 


27 


9.94 362 


7 
7 

6 
7 


26 


9.94^55 


85 


9.94 349 


24 


9.94 342 


23 


9.i)4 335 


7 


22 


9.94328 


7 
7 

7 


21 


9.94321 


20 


9.94 314 


19 


9.94307 


7 
7 

9* 


18 


9.94300 


17 


9.94293 


7 
7 

7 
6 
7 


16 


9.94 286 


15 


9.94 279 


14 


9.94273 


13 


9.94 266 


12 


9.94 259 


7 
7 

7 
7 


11 


9.94 252 


10 


9.94245 


9 


9.94 2:J8 


8 


9.94 231 


7 


7 


9.94224 


7 

7 


6 


9.94 217 


7 

7 
7 
7 

7 


5 


9.i)4210 


4 


9.94 203 


3 


9.94 196 


2 


9.94 189 


1 


9.94 182 


u 





li^VQ. 



Prop. PtB. 





81 


80 


2 


6.2 


6.0 


3 


9.3 


9.0 


4 


12.4 


12.0 


6 


15.5 


16.0 


6 


18.6 


18.0 


7 


21.7 


21.0 


8 


24.8 


24.0 


9 


27.9 


27.0 





84 


88 


2 


4.8 


4.6 


3 


7.2 


6.9 


4 


9.6 


9.2 


6 


12.0 


11.6 


6 


14.4 


13.8 


7 


16.8 


16.1 


8 


19.2 


18.4 


9 


21.6 


20.7 



5.8 
8.7 
11.6 
14.5 
17.4 
20.3 
23.2 
26.1 



SS 

4.4 
6.6 
8.8 
11.0 
13.2 
15.4 
17.6 
19.8 





7 


2 


1.4 


3 


2.1 


4 


2.8 


6 


3.6 


6 


4.2 


7 


4.9 


8 


6.6 


9 


6.3 



6 

1.2 
1.8 
2.4 
3.0 
3.6 
4.2 
4.8 
6.4 



From the top : 

For 88°+ or 808°+, 
read as printed; for 
118°+ or 298°+, read 
co-function. 

From the bottom : 

For 61°+ or 841°+, 
read as printed; for 
151°+ or 881°+, read 
co-function. 



Prop. Pts. 



61° —Logaritlims of TT\gouom^V\\^ ^^TLfrfe^s^s. 



29**— logarithms of Trigonometric Functions 75 



L Sin 



9.68557 
9.68580 
9.68603 
9.68625 
9.68648 

9.68671 
9.686m 
9.68 716 
9.68739 
9.68762 

9.68784 
9.68807 
9.68 829 
9.68852 
9.68875 

9.68897 
9.68920 
9.68 942 

9.68 965 
9.68987 

9.69010 
9.69032 
9.690)5 
9.69077 

9.69 100 

9.69 122 
9.69 144 
9.69 167 
9.69 189 
9.69 212 

9.69 2^ 
9.69 -256 
9.69 279 
9.69 301 
9.69323 

9.69 345 
9.69368 
9.69390 
9.69412 
9.69 434 

9.69 4«J 
9.69479 
9.69 501 
9.69523 
9.69545 

9.69 mi 
9.69589 
9.69611 
9.69633 
9.69655 

9.69677 
9.69699 
9.69721 
9.69 743 
9.69765 

9.69787 
9.69 809 
9.69 831 
9.69853 
9.69 875 

9.69 897 



23 
23 
22 
23 
23 

23 
22 
23 
23 
22 

23 
22 
23 
23 
22 

23 
22 
23 
22 
23 

22 
23 
22 
23 
22 

22 
23 
22 
23 
22 

22 
23 
22 
22 
22 

23 
22 
22 
22 
22 

23 
22 
22 
22 
22 

22 
22 
22 
22 
22 

22 
22 
22 
22 
22 

22 
22 
22 
22 
22 



LTan 



9.74 
9.74 
9 74 
9.74 
9.74 

9.74 
9.74 
9.74 
9.74 
9.74 

9.74 
9.74 
9.74 
9.74 
9.74 

9.74 
9.74 
9.74 
9.74 
9.74 

9.74 
9.74 
9.75 
9.75 
9.75 

9.75 
9.75 
9.75 
9.75 
9.75 

9.75 
9.75 
9.75 
9.75 
9.75 

9.75 
9.75 
9.75 
9.75 
9.75 

9.75 
9.75 
9.75 
9.75 
9.75 

9.76 
9.75 
9.75 
9.75 
9.75 

9.75 
9.75 
9.75 
9.75 
9.75 

9.75 
9.76 
9.76 
9.70 
9.76 

9.76 



375 
405 
435 
465 
494 

524 
554 
583 
613 
643 

673 
702 
732 
762 
791 

821 
851 
880 
910 
939 

969 
998 
028 
058 
087 

117 
146 
176 
205 
235 

264 
294 
323 
353 
382 

411 
441 
470 
500 
529 

558 
688 
617 
647 
676 

705 
735 
7(^4 
793 
822 

852 
881 
910 
939 
969 

998 
027 
OJV) 

om 

115 
144 



cd 



30 
30 
30 
29 
30 

30 
29 
30 
30 
30 

29 
30 
30 
29 
30 

30 
29 
30 
29 
30 

29 
30 
30 
29 
30 

29 
30 
29 
30 
29 

30 
29 
30 
29 
29 

30 
29 
30 
29 
29 

30 
29 
30 
29 
29 

30 
29 
29 
29 
30 

29 
29 
29 
30 
29 

29 
29 
30 
29 
29 



LOtn 



0.25 625 
0.25595 
0.26565 
0.25535 
0.25506 

0.25 476 
0.25 446 
0.25 417 
0.25 :«7 
0.25 3.=)7 

0.25 327 
0.2.1 2<I8 
0.25 268 
0.25 2:i8 
0.25 209 

0.2.5 179 
0.25 149 
0.25 120 
0.25 090 
0.26 061 

0.25031 
0.2.5 002 
0.24 972 
0.24 942 
0.24 913 

0.24 88:^ 
0.24 a54 
24 824 
0.24 795 
0.24 7f>5 

0.24 TM\ 
0.24 70(> 
0.24 (»77 
0.24 647 
0.24 618 

0.24 589 
0.24559 
0.24 5;«) 
0.24 .500 
0.24471 

0.24 442 
0.24 412 
0.24:58:5 
0.24 353 
0.24 324 

0.24 295 
0.24 2<>5 
0.24 2.56 
0.24 207 
0.24 178 

0.24 148 
0.24 119 
0.24 0*X) 
0.24061 
0.24 031 

0.24002 
0.23 973 
0.23 <U4 
0.23 914 
0.23 885 

0.23 856 



LCoB / d I LCtn / c d / L Tan 



LGOB 



9.94 182 
9.94 175 
9.94168 
9.94 161 
9.94154 

9.94 147 
9.94140 
9.94133 
9.94126 
9.94 119 

9.94 112 
9.94105 
9.94098 
9.94090 
9.94083 

9.94 076 
9.94069 
9.94062 
9.94055 
9.94048 

9.94041 
9.94034 
9.1U027 
9.94020 
9.94 012 

9.94005 
9.93 9i»8 
9.93 1«)1 
9.93984 
9.93 977 

9.93970 
9.9:3 963 
9.93 955 
9.93948 
9.93941 

9.93934 
9.93 927 
9.93 i>20 
9.93 912 
9.93905 

9.93 898 
9.93 891 
9.93 884 
9.93 876 
9.93 8<>9 

9.93 862 
9.93 H.55 
9.93 847 
9.93 840 
9.93833 

9.93 826 
9.93 819 
9.93 811 
9.93 804 
9.93 797 

9.93789 
9.93 782 
9.93 775 
9.93 768 
9.93 760 

9.93 T53 



LSia 



7 
7 
7 
7 
7 

7 
7 
7 
7 
7 

7 
7 
8 
7 
7 

7 
7 
7 
7 
7 

7 
7 
7 
8 
7 

7 
7 
7 
7 

7 

7 
8 
7 
7 
7 

7 
7 
8 
7 
7 

7 
7 
8 
7 
7 

7 
8 
7 
7 
7 

7 
8 
7 

7 
8 

7 

7 
7 
8 
7 



60 

59 
68 
67 
66 

66 

54 
53 
52 
51 

50 

49 
48 
47 
46 

46 

44 
43 
42 
41 

40 

:i<) 
;38 
M 

3<) 
85 

:« 

32 
31 

80 

29 

28 
27 
26 

26 

24 
23 
22 
21 

20 

19 
18 
17 
16 

15 

14 
13 
12 
11 

10 

9 
8 
7 
6 

5 

4 
3 
2 
1 





Prop. Pts. 





80 


89 


2 


6.0 


5.8 


3 


9.0 


8.7 


4 


12.0 


11.6 


5 


15.0 


14.5 


6 


18 


17.4 


7 


21.0 


20.3 


8 


24.0 


23.2 


9 


27.0 


26.1 



88 

4.6 
6.9 
9.2 
11.6 
13.8 
16.1 
18.4 
20.7 





28 


8 


2 


4.4 


1.6 


3 


6.6 


2.4 


4 


8.8 


3.2 


5 


11.0 


4.0 


() 


1.3.2 


4.8 


7 


15.4 


5.6 


8 


17.6 


•6.4 


9 


19.8 


7.2 



1.4 
2.1 
2.8 
3.5 
4.2 
4.9 
5.6 
6.3 



From the top: 

For 29°+ or 209°-^ , 

read as printed; for 
119°+ or 899°+, read 
co-fuuctiou. 

From the bottom: 

For 60°+ or 240°+, 

read as printed; for 
160°+ or 880°+, read 
co-function. 



\^ 



'^xq^.'^V 




60°—Log9rithma pf TrigouometAe ^E^flWiVNwBs. 
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30° — Logarithms of Trigonometric Fnnctioiis 



P 



LSin 



t 





1 

2 
3 
4 

6 

6 

7 
8 
9 

10 

11 
12 
13 
14 

16 

16 
17 
18 
19 

80 

21 
22 
23 
24 

85 

26 

27 
28 
29 

80 

31 
32 
33 
34 

86 

36 
37 
38 
39 

40 

41 
42 
43 
44 

46 

46 

47 
48 
49 

60 

61 
02 
53 
54 

65 

56 
57 
58 
69 



9.69 897 

9.69 919 
9.69941 
9.69963 
9.69984 

9.70006 
9.70028 
9.70050 
9.70072 
9.70093 

9.70 115 
9.70 137 
9.70 159 

9.70 180 
9.70202 

9.70224 
9.70 245 
9.70267 
9.70 288 
9.70 310 

9.70 332 
9.70 35:^ 
9.70 375 
9.70 396 
9.70418 

9.70439 
9.70461 
9.70 482 
9.70 504 
9.70 525 

9.70 547 
9.70 5(i8 
9.70590 
9.70611 
9.70 633 

9.70654 
9.70 675 
9.70 6i)7 
9.70 718 
9.70739 

9.70761 
9.70 782 
9.70 803 
9.70824 
9.70 84(i 

9.70 8(57 
9.70 888 
9.70 90<) 
9.70931 
9.70952 

9.70973 

9.70 i»4 
9.71 015 
9.71 036 
9.71058 

9.71079 
9.71 100 
9.71 121 
9.71 142 
9.71 163 

9.71 ISA 



22 
22 
22 
21 
22 

22 
22 
22 
21 
22 

22 
22 
21 
22 
22 

21 
22 
21 
22 
22 

21 
22 
21 
22 
21 

22 
21 
22 
21 
22 

21 
22 
21 
22 
21 

21 
22 
21 
21 
22 

21 
21 
21 
22 
21 

21 
21 
22 
21 
21 

21 
21 
21 
22 
21 

21 
21 
21 
21 
21 



L Cob 



T 



LTan 



9.76 144 
9.76 173 
9.76 202 
9.76 231 
9.76 261 

9.76 290 
9.76 319 
9.76 348 
9.76 377 
9.7() 406 

9.76 4.36 
9.76 464 
9.76 493 
9.76 522 
9.76551 

9.76 580 
9.76609 
9.76<).i9 

9.76 cm 

9.76697 

9.76 725 
9.76 754 
9.76 78;< 
9.76 812 
9.76 841 

9.76870 
9.76 89S) 
9.76 <»28 

9.76 957 
9.76986 

9.77 015 
9.77 044 
9.77 073 
9.77 101 
9.77 130 

9.77 159 
9.77 188 
9.77 217 
9.77 246 
9.77 274 

9.77 303 
9.77 :»2 
9.77 361 
9.77 390 
9.77 418 

9.77 447 
9.77 476 
9.77 505 
9.77 533 
9.77 562 

9.77 591 
9.77 619 
9.77 648 
9 77 677 
9.77 706 

9.77 734 
9.77 763 
9.77 791 
9.77 820 
9.77 849 

9.77 877 



cd 



29 
29 
29 
30 
29 

29 
29 
29 
29 
29 

29 
29 
29 
29 
29 

29 
30 
29 
29 
28 

29 
29 
29 
29 
29 

29 
29 
29 
29 
29 

29 
29 
28 
29 
29 

29 
29 
29 
28 
29 

29 
29 
29 

28 
29 

29 
29 
28 
29 
29 

28 
29 
29 
29 
28 

29 
28 
29 
29 
28 



LGtn 



0.23 856 
0.23827 
0.23798 
0.23 709 
0.23739 

0.23710 
0.2:^681 
0.23652 
0.23623 
0.23 594 

0.23 565 
9.23536 
0.23607 
0.23478 
0.23449 

0.23420 
0.23 391 
0.23 361 
0.23332 
0.23 303 

0.23 276 
0.23 246 
0.23 217 
0.23 188 
0.23 159 

0.23130 
0.23 101 
0.23072 
0.23043 
0.23 014 

0.22 985 
0.22 956 
0.22 927 
0.22 899 
0.22870 

0.22 841 
0.22 812 
0.22 783 
0.22 754 
0.22 726 

0.22 697 
0.22 668 
0.22639 
0.22 610 
0.22682 

0.22 553 
0.22524 
0.22 495 
0.22 4(>7 
0.22 438 

0.22 409 
0.22 381 
0.22 352 
0.22 323 
0.22 294 

0.22 266 
0.22 237 
0.22 209 
0.22180 
0.22 151 

0.22123 



LGoB 



9.93753 
9.93746 
9.93738 
9.93731 
9.93724 

9.93 717 
9.93 709 
9.93 702 
9.93 695 
9.93687 

9.93680 
9.93673 
9.93 6(i5 
9.93668 
9.93650 

9.93643 
9.93636 
9.93628 
9.93621 
9.93 614 

9.93606 
9.93699 
9.93591 
9.93 584 
9.93577 

9.93669 
9.93662 
9.93654 
9.93547 
9.93539 

9.93632 
9.93625 
9.93 517 
9.93610 
9.93 602 

9.93495 
9.93487 
9.93480 
9.93472 
9.a3466 

9.93457 
9.93450 
9.93442 
9.93435 
9.93427 

9.93420 
9.93412 
9.93 405 
9.93 397 
9.93390 

9.93 382 
9.93 375 
9.93 3(57 
9.93 3(iO 
9.93352 

9.93344 
9 93 337 
9.93 329 
9.93322 
9.93314 

9.93307 



7 
8 
7 
7 
7 

8 
7 
7 
8 
7 

7 
8 
7 
8 
7 

7 
8 
7 
7 
8 

7 
8 
7 
7 
8 

7 
8 
7 
8 
7 

7 
8 
7 
8 
7 

8 
7 
8 
7 
8 

7 
8 

7 
8 

7" 

8 
7 
8 
7 
8 

7 
8 
7 
8 
8 

7 
8 
7 
8 
7 



LCtin \TK\ LTaa \ li^m \^ 



60 

69 
68 
67 
66 

56 

64 
63 
62 
61 

60 

49 
48 
47 
46 

46 

44 
43 
42 
41 

40 

39 
38 
37 
36 

85 

34 
33 
32 
31 

80 

29 
28 
27 
26 

86 

24 
23 
22 
21 

80 

19 
18 
17 
16 

15 

14 
13 
12 
11 

10 

9 

8 
7 
6 

5 

4 
3 
2 
1 





V 



Prop. Pta. 





80 


29 


2 


6.0 


6.8 


3 


9i) 


8.7 


4 


12.6 


11.6 


5 


15.0 


14.6 


6 


18.0 


17.4 


7 


21.0 


20.3 


8 


24.0 


23.2 


9 


27.0 


26.1 



88 

6.6 
8.4 
11.2 
14.0 
16.8 
19.6 
22.4 
25.2 





88 


2 


4.4 


3 


6.6 


4 


8.8 


6 


11.0 


6 


13.2 


7 


16.4 


8 


17.6 


9 


19.8 



81 

4.2 
6.3 
8.4 
10.5 
12.6 
14.7 
16.8 
18.9 





8 


2 


1.6 


3 


2.4 


4 


3.2 


6 


4.0 


6 


4.8 


7 


6.6 


8 


6.4 


9 


7.2 



1.4 
2.1 
2.8 
3.5 
4.2 
4.9 
6.6 
6.3 



From the top : 

For 80°+ or 810°+, 

read as printed; for 
180°+ or 800°+, read 
co-function. 

From the bottom: 

For 69°+ or 889°+, 

read as printed; for 
149°+ or 889°+, read 
co-function. 



\ 



"^w^. "Cta. 



59*^— logarithms ot Tr\gwiom^t^^ ^^o^^^^^ 
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31° — Logarithms of Trigonometric Functions 



77 



LSin 





1 
2 
3 
4 

5 

6 
7 

8 
9 

10 

11 
12 
13 
14 

16 

16 
17 
18 
19 

20 

21 
22 
23 
24 

25 

26 

27 
28 
29 

80 

31 
32 
33 
34 

85 

36 
37 
38 
39 

40 

41 
42 
43 
44 

45 

46 
47 
48 
49 

50 

51 
52 
53 
54 

55 

56 
57 
58 
59 

60 



9.71 184 
9.71205 
9.71 226 
9.71 247 
9.71268 

9.71 289 
9.71310 
9.71 331 
9.71 352 
9.71 373 

9.71393 
9.71414 
9.71436 
9.71466 
9.71 477 

9.71 498 
9.71 519 
9.71 539 
9.71560 
9.71 581 

9.71602 
9.71 622 
9.71 6i3 
9.71664 
9.71686 

9.71 706 

9.71 726 
9.71 747 
9.71 767 
9.71 788 

9.71809 
9.71 829 
9.71850 
9.71870 
9.71 891 

9.71 911 
9.71 932 
9.71962 
9.71973 
9.71994 

9.72014 
9.72034 
9.72055 
9.72075 
9.72096 

9.72 116 
9.72 137 
9.72157 
9.72 177 
9.72 198 

9.72218 
9.72238 

9.72 259 
9.72279 
9.72299 

9.72320 
9.72 340 
9.72 360 
9.72381 
9.72401 

9.72421 



21 
21 
21 
21 
21 

21 
21 
21 
21 
20 

21 
21 
21 
21 
21 

21 
20 
21 
21 
21 

20 
21 
21 
21 
20 

21 
21 
20 
21 
21 

20 
21 
20 
21 
20 

21 
20 
21 
21 
20 

20 
21 
20 
21 
20 

21 
20 
20 
21 
20 

20 
21 
20 
20 
21 

20 
20 
21 
20 
20 



"LCoa I 



LTan 



9.77 877 
9.77 906 
9.77 935 
9.77 963 

9.77 992 

9.78020 
9.78049 
9.78077 
9.78 106 
9.78 136 

9.78 163 

9.78 Wn 
9.78 220 
9.78249 
9.78 277 

9.78306 
9.78 334 

9.78 a>;j 

9.78391 
9.78 419 

9.78448 
9.78476 
9.78505 
9.78533 
9.78 5G2 

9.78 590 
9.78618 
9.78 647 
9.78 676 
9.78704 

9.78 732 
9.78 760 
9.78 789 
9.78817 
9.78 845 

9.78874 
9.78902 

9.78 930 
9.78959 
9.78987 

9.79016 
9.79043 
9.79072 
9.79 100 
9.79 128 

9.79 166 
9.79 186 
9.79213 

9.79 241 
9.79269 

9.79297 
9.79326 
9.79354 
9.79382 
9.79410 

9.79438 
9.79466 
9.79495 
9.79523 
9.79561 

9.79579 



cd 



29 
29 
28 
29 
28 

29 
28 
29 
29 
28 

29 
28 
29 

28 
29 

28 
29 
28 
28 
29 

28 
29 
28 
29 
28 

28 
29 
28 
29 
28 

28 
29 
28 
28 
29 

28 
28 
29 
28 
28 

28 

29 
28 
28 
28 

29 
28 
28 
28 
28 

29 
28 
28 
28 
28 

28 
29 
28 
28 
28 



LCtn 



0.22 123 
0.22094 
0.22065 
0.22 037 
0.22008 

0.21980 
0.21 961 
0.21923 
0.21 894 
0.21866 

0.21 837 
0.21808 
0.21 780 
0.21 761 
0.21 723 

0.21 694 
0.21 666 
0.21 637 
0.21609 
0.21 681 

0.21 552 
0.21 624 
0.21 495 
0.21 467 
0.21 438 

0.21 410 
0.21 382 
0.21 363 
0.21 325 
0.21 296 

0.21268 
0.21240 
0.21 211 
0.21 183 
0.21 156 

0.21 126 
0.21 098 
0.21 070 
0.21 041 
0.21 013 

0.20986 
0.20 967 
020 928 
0.20900 
0.20 872 

0.20 844 
0.20 816 
0.20 787 
0.20 759 
0.20 731 

0.20 703 
0.20 674 
0.20646 
0.20618 
0.20590 

0.20562 
0.20 53i 
0.20505 
0.20477 
0.20449 

0.20 421 



d I 



LGoB 



9.93 307 
9.93 299 
9.93 291 
9.93 284 
9.93276 

9.93 269 
9.93 261 
9.93 253 
9.93246 
9.93 238 

9.93230 
9.93 223 
9.93 215 
9.93207 
9.93200 

9.93192 
9.93 184 
9.93 177 
9.93 169 
9.93 161 

9.93 154 
9.93 146 
9.93 138 
9.93 131 
9.93 123 

9.93115 
9.93 108 
9.93 100 
9.93 0<)2 
9.93084 

9.93077 
9.93069 
9.93061 
9.93053 
9.93046 

9.93038 
9.93 0;50 
9.93022 
9.93014 
9.93007 

9.92999 
9.92 991 
9.92 983 
9.92 976 
9.92 968 

9.92 960 
9.92 952 
9.92 944 
9.92 936 
9.92929 

9.92 921 
9.92 913 
9.92 1K)6 
9.92 897 
9.92 889 

9.92 881 
9.92 874 
9.92 866 
9.92 858 
9.92 850 

9.92 842 



8 
8 
7 
8 
7 

8 
8 
7 
8 
8 

7 
8 
8 
7 
8 

8 
7 

8 
8 
7 

8 
8 
7 
8 
8 

7 

8 
8 
8 
7 

8 
8 
8 
7 
8 

8 
8 
8 
7 
8 

8 
8 
7 
8 
8 

8 
8 
8 
7 
8 

8 
8 
8 
8 
8 

7 
8 
8 
8 
8 



LCtSk / d I L Tan I L Sin 



\t\ 



60 

59 
68 
67 
56 

65 

54 
53 
52 
61 

60 

49 
48 
47 
46 

45 

44 
43 
42 
41 

40 

39 
38 
37 
36 

85 

34 
33 
32 
31 

80 

29 
28 
27 
26 

25 

24 
23 
22 
21 

20 

19 
18 
17 
16 

15 

14 
13 
12 
11 

10 

9 

8 
7 
6 

5 

4 
3 
2 
1 





Prop. Pts. 





29 


28 


2 


5.8 


6.6 


3 


8.7 


8.4 


4 


11.6 


11.2 


5 


14.5 


14.0 


6 


17.4 


16.8 


7 


20.3 


19.6 


8 


23.2 


22.4 


9 


26.1 


25.2 



21 

4.2 
6.3 
8.4 
10.5 
12.6 
14.7 
16.8 
18.9 





20 


8 


2 


4.0 


1.6 


3 


6.0 


2.4 


4 


8.0 


3.2 


5 


10.0 


4.0 


6 


12.0 


4.8 


7 


14.0 


5.6 


8 


16.0 


6.4 


9 


18.0 


7.2 



7 

1.4 
2.1 
2.8 
3.5 
4.2 
4.9 
5.6 
6.3 



From th^ top : 

For 81°+ or 211°+, 
read as printed; for 
121°+ or 801°+, read 
co-function. 

From the bottom : 

For 58°+ or. 288°+, 
read as printed; for 
148^+ or 828°+, read 
co-function. 



I 



V 
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P 



LSin 





1 
2 
3 
4 

6 

6 
7 
8 
9 

10 

11 
12 
13 
14 

16 

16 
17 
18 
19 

20 

21 
22 
23 
24 

85 

26 
27 
28 
29 

80 

31 
32 
3:^ 
34 

85 

36 
37 
38 
39 

40 

41 
42 
43 
44 

46 

46 
47 
48 
49 

50 

51 
52 
53 
54 

55 

56 
57 
58 
59 

60 



'■I 



9.72 421 
9.72441 
9.72 4(>1 
9.72 482 
9.72502 

9.72 522 
9.72 642 
9.72562 
9.72682 
9.72602 

9.72622 
9.72 643 
9.72 66;^ 
9.72 683 
9.72 703 

9.72 723 
9.72 743 
9.72 7fiB 
9.72 783 
9.72803 

9.72 823 
9.72 843 
9.72 m\ 
9.72 883 
9.72 902 

9.72922 
9.72 942 
9.72 962 

9.72 982 
9.73002 

9.73022 
9.73041 

9.73 Of)l 
9.73081 
9.73 101 

9.73 121 
9.73 140 
9.73 160 
9.73 180 
9.73200 

9.73 219 
9.73 239 
9.73 259 
9.73278 
9.73298 

9.73 318 
9.73 337 
9.73 357 
9.73 377 
9.73 396 

9.73 416 
9.73 435 
9.73455 
9.73474 
9.73 4f)4 

9.73513 
9.73 5:?3 
9.73 552 
9.73 572 
9.73 591 

9.73611 
LCoa 



20 
20 
21 
20 
20 

20 
20 
20 
20 
20 

21 
20 
20 
20 
20 

20 
20 
20 
20 
20 

20 
20 
20 
19 
20 

20 
20 
20 
20 
20 

19 
20 
20 
20 
20 

19 
20 
20 
20 
19 

20 
20 
19 
20 
20 

19 
20 
20 
19 
20 

19 
20 
19 
20 
19 

20 
19 
20 
19 
20 



1—1 



LTan 



9.79579 
9.79 607 
9.79 6:i5 
9.79 66:J 
9.79691 

9.79 719 
9.79 747 
9.79 776 
9.79804 
9.79 832 

9.79 8()0 
9.79888 

9.79 916 
9.79944 
9.79972 

9.80000 
9.80028 
9.80056 
9.80084 

9.80 112 

9.80140 
9.80 168 
9.80 195 
9.80 223 
9.80 251 

9.80 279 
9.80 307 
9.80 335 
9.80 363 
9.80 391 

9.80419 
9.80 447 
9.80 474 
9.80502 
9.80530 

9.80558 
9.80 586 
9.80 614 
9.80642 
9.80669 

9.80697 
9.80 726 
9.80 753 
9.80 781 
9.80 808 

9.80 8:« 
9.80 864 
9.80 892 
9.80 919 
9.80 947 

9.80 975 
9.81 003 

9.81 030 
9.81 058 
9.81 086 

9.81113 
9.81 141 
9.81 169 
9.81 196 
9.81 224 

9.81 252 

-♦- 



LGtn 



cd 



28 
28 
28 
28 
28 

28 
29 
28 
28 
28 

28 
28 
28 
28 
28 

28 
28 
28 
28 
28 

28 
27 
28 
28 
28 

28 
28 
28 
28 
28 

28 
27 
28 
28 
28 

28 
28 
28 
27 
28 

28 
28 
28 
27 
28 

28 
28 
27 
28 
28 

28 
27 

28 
28 
27 

28 
28 
27 
28 
28 



LGtn 



cd 



0.20421 
0.20 393 
0.20365 
0.20 337 
0.20 309 

0.20281 
0.20 263 
0.20224 
0.20 196 
0.20168 

0.20140 
0.20112 
0.20084 
0.20 056 
0.20028 

0.20000 
0.19 972 
0.19944 
0.19916 
0.19 888 

0.19 860 
0.19 832 
0.19 805 
0.19 777 
0.19 749 

0.19 721 
0.19693 
0.19665 
0.19 ()37 
0.19609 

0.19581 
0.19553 
0.19 52<) 
0.19498 
0.19470 

0.19442 
0.19414 
0.19.386 
0.19 358 
0.19331 

0.19 303 
0.19 275 
0.19 247 
0.19 219 
0.19192 

0.19 164 
0.19 im 
0.19108 
0.19081 
0.19053 

0.19025 
0.18 m)7 
0.18 970 
0.18 ^M2 
0.18 914 

0.18 887 
0.18 859 
0.18 831 
0.18 804 
0.18 776 

0.18 748 
\ LTaxL 



LOoB 



9.92 842 
9.92 834 
9.92 8*26 
9.^)2 818 
9.92 810 

9.92 803 
9.92 795 
9.92 787 
9.92 779 
9.92 771 

9.92 7()3 
9.92 756 
9.92 747 
9.92 739 
9.92 731 

9.92 723 
9.92 716 
9.92 707 

9.92 vm 

9.92 691 

9.92 ()83 
9.92676 
9.92667 
9.92669 
9.92 651 

9.92 643 
9.92636 
9.92627 
9.92619 
9.92 611 

9.92 603 
9.92 695 
9.92 687 
9.92679 
9.92 671 

9.92563 
9.92 566 
9.92 646 
9.92638 
9.92 530 

9.92 622 
9.92614 
9.92 506 
9.92 498 
9.92490 

9.92482 
9.92 473 
9.92 465 
9.92457 
9.92449 

9.92441 
9.92 433 
9.92425 
9.92 416 
9.92408 

9.92 400 
9.92 3^)2 
9.92 384 
9.m 376 
9.92 367 

9.92 a59 



8 
8 
8 
8 
7 

8 
8 

8 
8 
8 

8 
8 
8 
8 
8 

8 
8 
8 
8 
8 

8 
8 
8 
8 
8 

8 
8 
8 
8 
8 

8 
8 
8 
8 
8 

8 
9 

8 
8 
8 

8 
8 
8 
8 
8 

9 

8 
8 
8 
8 

8 
8 
9 
8 
8 

8 
8 
8 
9 
8 



60 

69 
58 
57 
66 

66 

64 
63 
52 
61 

50 

49 
48 
47 
46 

46 

44 

43 
42 
41 

40 

39 
38 
37 
36 

85 

34 
33 
32 
31 

80 

29 
28 
27 
26 

86 

24 
23 
22 
21 

20 

19 
18 
17 
16 

16 

14 
13 
12 
11 

10 

9 

8 
7 
6 

5 

4 
3 
2 
1 





"L^Vsi \^\ 



\ 



Prop. PtB. 



2 
3 
4 
6 

6 
7 
8 
9 



891 

6.8 
8.7 
11.6 
14.5 
17.4 
20.3 
23.2 
26.1 



6.6 
8.4 
11.2 
14.0 
16.8 
19.6 
22.4 
26.2 





81 


80 


2 


4.2 


4.0 


3 


6.3 


6.0 


4 


8.4 


8.0 


6 


10.6 


10.0 


6 


12.6 


12.0 


7 


14.7 


14.0 


8 


16.8 


16.0 


9 


18.9 


18.0 



87 

6.4 
8.1 
10.8 
13.5 
16.2 
18.9 
21.6 
24.3 



19 

3.8 

6.7 

7.6 

9.5 

11.4 

13.3 

15.2 

17.1 





9 


8 


2 


1.8 


1.6 


3 


2.7 


2.4 


4 


3.6 


3.2 


6 


4.5 


4.0 


6 


5.4 


4.8 


7 


6.3 


6.6 


8 


7.2 


6.4 


9 


8.1 


7.2 



1.4 
2.1 
2.8 
3.5 
4.2 
4.9 
6.6 
6.3 



From the top : 

For 88°+ or 212°+, 

read as printed; for 
122°+ or 808°+, read 
co-function. 

From the bottom : 

For 67°+ or 287°+, 
read as printed; for 
147°+ or 387°+, read 
co-function. 



■5x05, Pts. 
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LSin 





1 

3 
4 

5 

6 

7 
8 
9 

10 

11 
12 
13 
14 

15 

l(i 
17 
18 
19 

20 

21 
22 
23 
24 

26 

26 
27 
28 
2<) 

80 

31 
32 
3;^ 
34 

85 

m 

37 
38 
39 

40 

41 
42 
4:3 
44 

45 

46 
47 
48 
49 

50 

51 
52 
53 
54 

55 

56 
57 
58 
59 

60 



9.73611 
9.73630 
9.73 (mO 
9.73 6;)9 
9.73689 

9.73 708 
9.73727 
9.73 747 
9.73 im 
9.73 785 

9.73 805 
9.73 824 
9.73 843 
9.73863 
9.73 882 

9.73 iX)l 
9.73 921 
9.73 940 
9.73 959 
9.73 978 

9.73 997 

9.74 017 

9.74 o:w 

9.74055 
9.74074 

9.74093 
9.74 113 
9.74 132 
9.74 151 
9.74 170 

9.74 189 
9.74208 
9.74227 
9.74246 
9.74265 

9.74284 
9.74 303 
9.74322 
9.74341 
9.74360 

9.74 379 
9.74398 
9.74417 
9.74436 
9.74455 

9.74474 
9.74 493 
9.74512 
9.74531 
9.74549 

9.74668 
9.74 587 
9.74 60() 
9.74 626 
9.74644 

9.74 662 
9.74 681 
9.74700 
9.74 719 
9.74 737 

9.74 756 



LOos 



9 
20 


20 

9 

9 

20 

9 

9 

20 

9 
9 
20 
9 
9 

20 
9 
9 
9 
9 

20 
9 
9 
9 
9 

20 
9 
9 
9 
9 

9 
9 
9 
9 
9 

9 
9 
9 
9 
9 

9 
9 
9 
9 
9 

9 
9 
9 
8 
9 

9 
9 
9 
9 
8 

9 
9 
9 
8 
9 



LTan 



9.81 252 
9.81 279 
9.81 307 
9.81 3,35 
9.81 3(>2 

9.81 390 
9.81 418 
9.81 445 
9.81 473 
9.81600 

9.81628 
9.81666 
9.81 683 
9.81611 
9.81 &iS 

9.81 666 
9.81 693 
9.81 721 
9.81 748 
9.81776 

9.81803 
9.81 8:ji 
9.81 &58 
9.81886 
9.81913 

9.81 941 
9.81968 

9.81 996 
9.82023 
9.82051 

9.82078 
9.82 106 
9.82 1;« 
9.82 1()1 
9.82 188 

9.82 216 
9.82243 
9.82 270 
9.82 298 
9.82 325 

9.82 352 
9.82 380 
9.82407 
9.82435 
9.82462 

9.82489 
9.82617 
9.82644 
9.82671 
9.82 599 

9.82626 
9.82653 
9.82681 
9.82 708 
9.82735 

9.82 762 
9.82 790 
9.82 817 
9.82 844 
9.82 871 

9.82 8^) 



d J LCbn cd 



cd 



27 
28 
28 
27 
28 

28 
27 
28 
27 
28 

28 
27 
28 
27 
28 

27 
28 
27 
28 
27 
28 
27 
28 
27 
28 

27 
28 
27 
28 
27 

28 
27 
28 
27 
27 

28 
27 
28 
27 
27 

28 
27 
28 
27 
27 

28 
27 
27 
28 
27 

27 
28 
27 
27 
27 

23 
27 
27 
27 
28 



LGtn 



0.18 748 
0.18 721 
0.18693 
0.18666 
0.18638 

0.18610 
0.18582 
0.18555 
0.18 527 
0.18500 

0.18 472 
0.18444 
0.18417 
0.18 389 
0.18 362 

0.18 334 
0.18 307 
0.18 279 
0.18 252 
0.18 224 

0.18 197 
0.18169 
0.18 142 
0.18 114 
0.18087 

0.18059 
0.18032 
0.18 004 
0.17 977 
0.17 949 

0.17 922 
0.17 894 
0.17 867 
0.17 839 
0.17 812 

0.17 785 
0.17 757 
0.17 730 
0.17 702 
0.17675 

0.17648 
0.17 620 
0.17 593 
0.17 665 
0.17538 

0.17511 
017483 
0.17456 
0.17 429 
0.17401 

0.17 374 
0.17*47 
0.17 319 
6.17 292 
0.17 265 

0.17 238 
0.17 210 
0.17 183 
0.17 156 
0.17 129 

0.17 101 



LTan 



L Gob d 



9.92:i")9 
9.<)2:i51 
9.i)2 'MS 
9.92 335 
9.92 326 

9.92 318 
9.92 310 
9.92 302 
9.«»2293 
9.92 285 

9.92 277 
9.^)2 269 
9.92 2fK) 
9.92 262 
9.92244 

9.92 235 
9.92 227 
9.92 219 
9.J)2 211 
9.92 202 

9,je 194 
9.92 186 
9.92 177 
9.<-2 1(59 
9.tr2 161 

9.92 152 
9.92 144 

9.ir2 im 

9.t>2 127 
9.92119 

9.92 111 
9.^)2 102 
9.92 094 
9.92086 
9.ir2077 

9.92 069 
9.92 060 
9.i)2a52 
9.92044 
9.92035 

9.92027 
9.92 018 
9.92010 
9.92002 
9.91 iH« 

9.91 985 
9.91 976 
9.91 968 
9.91 959 
9.91 951 

9.91 942 
9.91 934 
9.91 925 
9.91 917 
9.91908 

9.91900 
9.91 891 
9.91883 
9.91 874 
9.91866 

9.91 857 



8 
8 
8 
9 
8 

8 
8 
9 
8 
8 

8 
9 
8 
8 
9 

8 
8 
8 
9 
8 

8 
9 
8 
8 
9 

8 
8 
9 
8 
8 

9 
8 
8 
9 
8 

9 
8 
8 
9 
8 

9 
8 
8 
9 
8 

9 

8 
9 
8 
9 

8 
9 
8 
9 
8 

9 
8 
9 
8 
9 



60 

59 
68 
57 
66 

55 

64 
53 
52 
51 

50 

49 
48 
47 
46 

45 

44 
43 
42 

41 

40 

39 
38 
37 

;«» 

85 

34 
;i3 
32 
31 

80 

29 
28 
27 
26 

25 

24 
23 
22 
21 

20 

19 
18 
17 
16 

15 

14 
13 
12 
11 

10 

9 

8 
7 
6 

5 

4 
3 
2 
1 





L 8\ii \ d\ < 



Prop. Ptg. 





28 


27 


2 


5,6 


6.4 


3 


8.4 


8.1 


4 


11.2 


10.8 


5 


14.0 


13.5 


6 


168 


16.2 


7 


19.6 


18.9 


8 


22.4 


21.6 


9 


25.2 


24.3 



20 

40 
6.0 
8.0 
10.0 
12.0 
14.0 
16.0 
18.0 





19 


2 


3.8 


3 


5.7 


4 


7.6 


5 


9.6 


6 


11.4 


7 


13.3 


8 


15.2 


9 


17.1 





9 


2 


1.8 


3 


2.7 


4 


3.6 


6 


4.5 


6 


5.4 


7 


6.3 


8 


7.2 


9 


8.1 



18 

3.6 

5.4 

7.2 

9.0 

10.8 

12.6 

14.4 

16.2 



8 

1.6 
2.4 
3.2 
4.0 
4.8 
6.6 
6.4 
7.2 



From the top: 

For 88°+ or 218^+, 

read as printed; for 
128°+ or 808°+, read 
co-functiou. 

From the bottom : 

For 56°+ or 286°+, 

read as printed; for 
146°+ or 826°+, read 
co-fanction. 



'^Tq^.'^%. 



56''—Logaritbsas of Trigoiiometc\& ¥utl^\ajwb& 



80 



34° — Logarithms of Trigonometric Functions 



[HI 



LSin 





1 
2 
3 
4 

6 

6 
7 
8 
9 

10 

11 
12 
13 
14 

16 

16 
17 
18 
19 

20 

21 
22 
23 
24 

26 

26 
27 
28 
29 

80 

31 
32 
33 
34 

86 

36 
37 
38 
39 

40 

41 
42 
43 
44 

46 

46 
47 
48 
49 

60 

61 
62 
63 
64 

66 

56 
57 
58 
69 



9.74 756 
9.74 776 
9.74 794 
9.74 812 
9.74 831 

9.74 860 
9.74 8(^8 
9.74 887 
9.74 906 
9.74 924 

9.74 943 

9.74 961 
9.74980 
9.74999 

9.75 017 

9.76 036 
9.76054 
9.76073 
9.76091 
9.76 110 

9.76 128 
9.76 147 
9.76 165 
9.75 184 
9.75 202 

9.75 221 
9.75 239 
9.75 258 

9.75 276 

9.76 294 

9.75 313 
9.75 331 

9.75 360 

9.76 368 
9.75 386 

9.75 406 
9.76423 
9.75441 

9.76 459 
9.76 478 

9.76 496 
9.75 514 
9.76533 
9.75 551 

9.75 569 

9.76 587 
9.75 605 
9.75 624 

9.75 642 

9.76 660 

9.75678 
9.76 696 
9.75 714 
9.75 733 
9.75751 

9.75 769 
9.75 787 
9.75 805 
9.75 823 
9.75 841 

9.75 859 



I / L COB I d 



LTan 



9.82 899 
9.82926 
9.82 953 

9.82 980 
9.83008 

9.83036 
9.83062 
9.83089 
9.83 117 
9.83144 

9.83 171 
9.83 198 

9.83 225 
9.83 252 
9.83 280 

9.83307 
9.83 334 
9.83 3fil 
9.83388 
9.83415 

9.83442 
9.8:3470 
9.83497 
9.83524 
9.83661 

9.83678 
9.83 (K)6 
9.83632 
9.83669 
9.83 686 

9.83713 
9.83 740 
9.83 768 
9.83 796 
9.83822 

9.83 849 
9.83 876 
9.83 903 
9.83 930 
9.83957 

9.83 984 
9.84011 
9.84038 

9.84 065 
9.84092 

9.84 119 
9.84146 
9.84 173 
9.84 200 
9.84 227 

9.84 254 
9.84 280 
9.84 307 
9.84 334 
9.84 361 

9.84 388 
9.84415 
9.84 442 
9.84469 
9.84496 

9.84 523 



I 



LGtn 



cd 



27 
27 
27 
28 
27 

27 
27 
28 
27 
27 

27 
27 
27 
28 
27 

27 
27 
27 
27 
27 

28 
27 
27 
27 
27 

27 
27 
27 
27 
27 

27 
28 
27 
27 
27 

27 
27 
27 
27 
27 

27 
27 
27 
27 
27 

27 
27 
27 
27 
27 

26 
27 
27 
27 
27 

27 
27 
27 
27 
27 



LGtn 



0.17 101 
0.17 074 
0.17 047 
0.17 020 
0.16 992 

0.16965 
0.16938 
0.16 911 
0.16 883 
0.16 856 

0.16 829 
0.16 802 
0.16 776 
0.16 748 
0.16 720 

0.16693 
0.16666 
0.16639 
0.16 612 
0.16685 

0.16 658 
0.16 530 
0.16 503 
0.16 476 
0.16 449 

0.16 422 
0.16 395 

0.16 ms 

0.16 341 
0.16 314 

0.16 287 
0.16 260 
0.16 232 
0.16 205 
0.16 178 

0.16 151 
0.16 124 
0.16097 
0.16070 
0.16043 

0.16016 
0.16 989 
0.15 962 
0.16935 
0.15 908 

0.15 881 
0.15 854 
0.15 827 
0.15 800 
0.15 773 

0.15 746 
0.15 720 
0.15 693 
0.15 666 
0.15 639 

0.15 612 
0.15 585 
0.15 558 
0.15 531 
15504 

0.15 477 



LGos 



9.91 857 
9.91 849 
9.91840 
9.91 832 
9.91 823 

9.91 816 
9.91806 
9.91 798 
9.91 789 
9.91 781 

9.91 772 
9.91 763 
9.91 765 
9.91 746 
9.91 738 

9.91 789 
9.91 720 
9.91 712 
9.91 703 
9.91 695 

9.91686 
9.91 677 
9.91 669 

9.91 660 

9.91 661 

9.91 643 
9.91 634 
9.91 626 
9.91 617 
9.91 608 

9.91 599 
9.91 591 
9.91 582 
9.91 573 
9.91 666 

9.91566 
9.91 647 
9.91 638 
9.91 630 
9.91 521 

9.91612 
9.91604 
9.91 495 
9.91 486 
9.91 477 

9.91469 
9.91460 
9.91 451 
9.91 442 
9.91 433 

9.91425 
9.91 416 
9.91 407 
9.91 398 
9.91 389 

9.91 381 
9.91 372 
9.91 363 
9.91 364 
9.91 345 

9.91336 



cd\ LTaa \ li^m 



8 

8 

8 


8 
9 
8 
9 

9 
8 
9 
8 
9 

9 
8 
9 
8 
9 

9 
8 
9 
9 
8 

9 
9 
8 
9 
9 

8 
9 
9 
8 
9 

9 
9 
8 
9 
9 

8 
9 
9 
9 
8 

9 
9 
9 
9 
8 

9 
9 
9 
9 
8 

9 
9 
9 
9 
9 



\^ 



60 

69 
68 
67 
66 

66 

64 
63 
62 
61 

60 

49 
48 
47 
46 

46 

44 
43 
42 
41 

40 

39 
38 
37 
36 

85 

34 
33 
32 
31 

80 

29 
28 
27 
26 

26 

24 
23 
22 
21 

20 

19 
18 
17 
16 

16 

14 
13 
12 
11 

10 

9 

8 
7 
6 

6 

4 
3 
2 
1 





( 



Prop. Fts. 





28 


271 


2 


6.6 


5.4 


3 


8.4 


8.1 


4 


11.2 


10.8 


6 


14.0 


13.6 


6 


16.8 


16.2 


7 


19.6 


18.9 


8 


22.4 


21.6 


9 


26.2 


24.3 



26 

5.2 
7.8 
10.4 
13.0 
15.6 
18.2 
20.8 
23.4 





19 


2 


3.8 


3 


5.7 


4 


7.6 


5 


9.5 


6 


11.4 


7 


13.3 


8 


15.2 


9 


17.1 





9 


2 


1.8 


3 


2.7 


4 


3.6 


6 


4.6 


6 


6.4 


7 


6.3 


8 


7.2 


9 


8.1 



18 

3.6 

6.4 

7.2 

9.0 

10.8 

12.6 

14.4 

16.2 



8 

1.6 
2.4 
3.2 
4.0 
4.8 
5.6 
6.4 
7.2 



From the top : 

For 84°+ or 214°+, 
read as printed ; for 
124°+ or 804°+, read 
co-function. 

From the bottom: 

For 56°+ or 286°+, 
read as printed; for 
146°+ or 826°+, read 
co-function. 



Prop. Pts. J 



55** — Logarithms ot Tnsoui^m'feXA^ ^Smbi^^^tss^ 



m 



35""— Logarithms of Trigonometric Fimctions 



81 



M LSin 





1 
2 
3 
4 

5 

6 
7 
8 
9 

10 

u 

12 
13 
14 

16 
16 
17 
18 
19 

80 

21 
22 
23 
24 

26 

26 

27 
28 
29 

80 

31 
32 
33 
34 

86 

36 
37 
38 
39 

40 

41 
42 
43 
44 

46 

46 
47 
48 
49 

60 

51 
52 
53 
54 

66 

56 
57 
58 
59 

60 



9.75 859 
9.75 877 
9.75 895 
9.75 913 
9.75 931 

9.75 949 
9.75 967 

9.75 985 
9.76003 
9.76021 

9.76039 

9.76 057 
9.76075 
9.76093 
9.76 111 

9.76 129 
9.76146 
9.76 164 
9.76 182 
9.76200 

9.76 218 
9.76 236 
9.76253 
9.76271 
9.76289 

9.76307 
9.76324 
9.76 342 
9.76 360 
9.76378 

9.76395 
9.76413 
9.76431 
9.76448 
9.76466 

9.76484 
9.76501 
9.76519 
9.76537 
9.76554 

9.76572 
9.76590 
9.76607 
9.76625 
9.76642 

9.76660 
9.76677 
9.76695 
9.76712 
9.76730 

9.76747 
9.76765 
9.76782 
9.76800 
9.76817 

9.76835 
9.76852 
9.76870 
9.76 887 
9.76904 

9.76 922 



LC09 I 



LTan 



9.84 
9M 
9.84 
9.84 
9.84 

9.84 
9.84 
9.84 
9.84 
9.84 

9.84 
9.84 
9.84 
9.84 
9.84 

9.84 
9.84 
9.84 
9.85 
9.85 

9.85 
9.85 
9.85 
9.85 
9.85 

9.86 
9.85 
9.85 
9.85 
9.85 

9.85 
9.85 
9.85 
9.85 
9.85 

9.86 
9.85 
9.85 
9.85 
9.85 

9.86 
9.85 
9.85 
9.85 
9.85 

9.85 
9.85 
9.a5 
9.85 
9.85 

9.85 
9.85 
9.85 
9.85 
9.85 

9.85 
9.86 
9.86 
9.86 
9.86 

9.86 



523 
550 
576 
603 
630 

657 
684 
711 
738 
764 

791 
818 
845 
872 
899 

925 
952 
979 
006 
033 

059 
086 
113 
140 
166 

193 
220 
247 
273 
300 

327 
354 
380 
407 
434 

460 
487 
514 
540 
567 

594 
620 
647 
674 
700 

727 
754 
780 
807 
834 

860 
887 
913 
940 
967 

993 
020 
046 
073 
100 

126 



d I LCta led 



cd 



27 
26 
27 
27 
27 

27 
27 
27 
26 
27 

27 
27 
27 
27 
26 

27 
27 
27 
27 
26 

27 
27 
27 
26 
27 

27 
27 
26 
27 
27 

27 
26 
27 
27 
26 

27 
27 
26 
27 
27 

26 
27 
27 
26 
27 

27 
26 
27 
27 
26 

27 
26 
27 
27 
26 

27 
26 
27 
27 
26 



LOtn 



0.15 477 
0.15 450 
0.15424 
0.15 397 
0.15 370 

0.15 343 
0.15 316 
0.15 289 
0.15 262 
0.15 236 

0.15 209 
0.15182 
0.15 155 
0.15 128 
0.15 101 

0.15075 
0.15048 
0.15021 
0.14 994 
0.14 967 

0.14941 
0.14 914 
0.14 887 
0.14 8()0 
0.14 834 

0.14807 
0.14 780 
0.14 753 
0.14 727 
0.14 700 

0.14673 
0.14 646 
0.14 620 
0.14593 
0.14 566 

0.14540 
0.14 513 
0.14 486 
0.14 460 
0.14433 

0.14 406 
0.14 380 
0.14 353 
0.14 326 
0.14 300 

0.14 273 
0.14 246 
0.14 220 
0.14 193 
0.14 166 

0.14 140 
0.14113 
0.14087 
0.14 060 
0.14 033 

0.14007 
0.13980 
0.13954 
0.13927 
0.13900 

0.13874 



LTan 



LCk>8 



9.91336 
9.91 328 
9.91 319 
9.91 310 
9.91 301 

9.91292 
9.91283 
9.91 274 
9.91266 
9.91 257 

9.91248 
9.91 239 
9.91 230 
9.91 221 
9.91 212 

9.91 203 
9.91 194 
9.91 185 
9.91 176 
9.91 167 

9.91 158 
9.91 149 
9.91 141 
9.91 132 
9.91 123 

9.91 114 
9.91 ia5 
9.91096 
9.91 087 
9.91 078 

9.91 069 
9.91060 
9.91 a51 
9.91042 
9.91 033 

9.91 023 
9.91 014 
9.91005 
9.JX)996 
9.90 987 

9.90978 
9.90 969 
9.fK)960 
9.90 951 
9.90 942 

9.90 933 
9.90 924 
9.90 915 
'9.90 906 
9.90 896 

9.90 887 
9.90 878 
9.90 869 
9.90 860 
9.90 851 

9.90842 
9.90 832 
9.90 823 
9.90 814 
9.90 805 

9.90 796 
1 LSin 



8 



9 

9 

9 
9 
8 
9 
9 

9 
9 
9 
9 
9 

9 
9 
9 
9 
9 

9 
8 
9 
9 
9 

9 
9 
9 
9 
9 

9 
9 
9 
9 
10 

9 
9 
9 
9 
9 

9 
9 
9 
9 
9 

9 
9 
9 
10 
9 

9 
9 
9 
9 
9 

10 
9 
9 
9 
9 



V 



60 

59 
58 
57 
56 

66 

54 
63 
52 
51 

60 

49 

48 
47 
46 

46 

44 
43 
42 
41 

40 

39 
38 
37 
36 

86 

34 
33 
32 
31 

80 

29 
28 
27 
26 

26 

24 
23 
22 
21 

20 

19 
18 
17 
16 

15 

14 
13 
12 
11 

10 

9 
8 
7 
6 

5 

4 
3 
2 
1 





Prop. Pto. 






\- 





27 


26 


2 


5.4 


5.2 


3 


8.1 


7.8 


4 


10.8 


10.4 


5 


13.5 


13.0 


6 


16.2 


15.6 


7 


18.9 


18.2 


8 


21.6 


20.8 


9 


24.3 


23.4 



18 

3.6 

6.4 

7.2 

9.0 

10.8 

12.6 

14.4 

16.2 





17 


2 


3.4 


3 


5.1 


4 


6.8 


5 


8.5 


6 


10.2 


7 


11.9 


8 


13.6 


9 


15.3 





9 


2 


1.8 


3 


2.7 


4 


3.6 


5 


4.5 


6 


5.4 


7 


6.3 


8 


7.2 


9 


8.1 



10 

2.0 
3.0 
4.0 
5.0 
6.0 
7.0 
8.0 
9.0 



8 

1.6 
2.4 
3.2 
4.0 
4.8 
5.6 
6.4 
7.2 



From the top : 

For 86°+ or 21 6°+, 
read as printed; for 
126°+ or 805°+, read 
co-functioD. 

From the bottom : 

For 64°+ or 284°+, 
read as printed; for 
144°+ or 824°+, read 
co-function. 



\- 



•^q^.'^N«i» 



^ 



M^—LogaritbmH of TrigonometTifc ^\BBLfAa\«^ 
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36^ — Logarithms of Trigonometric Functions 



[HI 



LSin 



l 





1 
2 
3 
4 

6 

6 

7 
8 
9 

10 

11 
12 
13 
14 

16 

16 
17 
18 
19 

20 

21 
22 
23 
24 

26 

26 
27 
28 
29 

80 

31 
32 
33 
34 

86 

36 
37 
38 
39 

40 

41 
42 
43 
44 

46 

46 
47 

48 
49 

60 

51 
52 
63 
54 

66 

56 
57 

58 
59 

60 



9.76922 
9.76 939 
9.76957 
9.76 974 

9.76 991 

9.77009 
9.77026 
9.77043 

9.77 061 
9.77078 

9.77095 
9.77112 
9.77 l.M) 
9.77 147 
9.77 164 

9.77 181 
9.77 199 
9.77 216 
9.77 233 
9.77 250 

9.77 268 
9.77 285 
9.77 302 
9.77 319 
9.77 336 

9.77 353 
9.77 370 
9.77 387 
9.77 406 
9.77422 

9.77439 
9.77456 
9.77 473 
9.77490 
9.77 507 

9.77624 
9.77 541 
9.77658 
9.77575 
9.77592 

•9.77609 
9.77 626 
9.77 643 
9.77 660 
9.77 677 

9.77694 
9.77 711 
9.77 728 
9.77 744 
9.77 761 

9.77 778 
9.77 795 
9.77 812 
9.77 829 
9.77 846 

9.77 862 
9.77 879 
9.77 896 
9.77 913 
9.77 930 

9.779i6 



} 9.779i6 I 
7 LCoa I 



LTan 



9.86126 
9.86 153 
9.86 179 
9.86 206 
9.86 232 

9.86 259 
9.86 285 
9.86 312 
9.86 3;i8i 
9.86 363 

9.86 392 
9.86 418 
9.86 445 
9.86 471 
9.86 498 

9.8f) 524 
9.86 551 
9.86 577 
9.86 603 
9.86 630 

9.86656 
9.86683 
9.86709 
9.86 736 
9.86 762 

9.86 789 
9.86 815 
9.86 842 
9.86 868 
9.86 894 

9.86 921 
9.86 947 

9.86 974 

9.87 000 
9.87 027 

9.87 053 
9.87 079 
9.87 106 
9.87 132 
9.87 158 

9.87 185 
9.87 211 
9.87 238 
9.87 264 
9.87 290 

9.87 317 
9.87 343 
9.87 369 
9.87 396 
9.87 422 

9.87 448 
9.87 475 
9.87 501 
9.87 527 
9.87 554 

9.87 580 
9.87 606 
9.87 633 
9.87 659 
9.87 685 

9.87 711 



cd 



27 
26 
27 
26 
21 

26 
27 
26 
27 
27 

26 
27 
26 
27 
26 

27 
26 
26 
27 
26 

27 
26 
27 
26 
27 

26 
27 
26 
26 
27 

26 
27 
26 
27 
26 

26 
27 
26 
26 
27 

26 
27 
26 
26 
27 

26 
26 
27 
26 
26 

27 
26 
26 
27 
26 

26 
27 
26 
26 
26 



LCtn 


LCoB 


0.13 874 


9.90 796 


0.13 847 


9.90 787 


0.13 821 


9.90 777 


0.13794 


9.90 768 


0.13 768 


9.90759 


0.13 741 


9.90750 


0.13715 


9.90 741 


0.13688 


9.90 731 


0.13662 


9.90722 


0.13635 


9.90 713 


0.13608 


9.90704 


0.13 582 


9.90 694 


0.13 656 


9.90685 


0.13 529 


9.90676 


0.13502 


9.90667 


0.13476 


9.90657 


0.13 449 


9.90648 


0.13 423 


9.90 6;^9 


0.13 397 


9.90630 


0.13 370 


9.90620 


0.13 344 


9.90611 


0.13 317 


9.1»602 


0.13 291 


9.90 692 


0.13 264 


9.90583 


0.13 238 


9.90674 


0.13 211 


9.90565 


0.13 185 


9.90555 


0.13 158 


9.90 546 


0.13 132 


9.90637 


0.13106 


9.90627 


0.13079 


9.90618 


0.13053 


9.90609 


0.13026 


9.90499 


0.13000 


9.90490 


0.12 973 


9.90 480 


0.12 947 


9.90471 


0.12 921 


9.90462 


0.12 894 


9.90452 


0.12 868 


9.90 443 


0.12 842 


9.90434 


0.12 815 


9.90424 


0.12 789 


9.90415 


0.12 762 


9.90405 


0.12 736 


9.90 396 


0.12 710 


9.90386 


0.12683 


9.90 377 


0.12 657 


9.90 368 


0.12 631 


9.90 358 


0.12604 


9.90349 


0.12 578 


9.90 339 


0.12 552 


9.90 330 


0.12 525 


9.90 320 


0.12499 


9.90 311 


0.12 473 


9.90 301 


0.12 446 


9.90 292 


0.12 420 


9.90282 


0.12 394 


9.90 273 


0.\2'MVl 


9.90 263 


0.12.'U1 


9.90254 


0.12 315 


9.iX) 244 


0.12 289 


9.90235 



9 
10 
9 
9 
9 

9 
10 
9 
9 
9 

10 
9 
9 
9 

10 

9 
9 
9 
10 
9 

9 
10 
9 
9 
9 

10 
9 
9 

10 
9 

9 
10 

9 
10 

9 

9 

10 

9 

9 

10 

9 
10 

9 
10 

9 

9 
10 

9 
10 

9 

10 
9 

10 
9 

10 

9 
10 

9 
10 

9 
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60 

69 
68 
57 
66 

66 

64 
63 
62 
61 

60 

49 
48 
47 
46 

46 

44 
43 
42 
41 

40 

39 
38 
37 
36 

86 

34 
33 
32 
31 

80 

29 
28 
27 
26 

26 

24 
23 
22 
21 

20 

19 
18 
17 
16 

15 

14 
13 
12 
11 

10 

9 
8 
7 
6 

6 

4 
3 
2 
1 





Prop. Pt8. 





27 


26 


2 


5.4 


6.2 


3 


8.1 


7.8 


4 


10.8 


10.4 


5 


13.5 


13.0 


6 


16.2 


16.6 


7 


18.9 


18.2 


8 


21.6 


20.8 


9 


24.3 


23.4 



18 

3.6 

5.4 

7.2 

9.0 

10.8 

12.6 

14.4 

16.2 





17 


2 


3.4 


3 


6.1 


4 


6.8 


6 


8.6 


6 


10.2 


7 


11.9 


8 


13.6 


9 


15.3 





10 


2 


2.0 


3 


3.0 


4 


4.0 


6 


6.0 


6 


6.0 


7 


7.0 


8 


8.0 


9 


9.0 



16 

3.2 

4.H 

6.4 

8.0 

9.6 

11.2 

12.8 

14.4 



9 



1.8 
2.7 
3.6 
4.6 
5.4 
6.3 
7:2 
8.1 



• From the top : 

For 86°+ or 216°+, 
read as printed; for 
126°+ or 806°+, read 
co-function. 

From the bottom : 

For 68°+ or 288°+, 
read as printed; for 
148°+ or 828°+, read 
co-fanction. 



\ 
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LSin 





1 
2 
3 
4 

6 

6 
7 
I 8 
I ^ 
10 
11 
12 
13 
14 

16 

16 
17 
18 
19 

80 

21 
22 
23 
24 

25 

26 
27 
28 
29 

80 

31 
32 
33 
34 

86 

3<> 
37 
38 
39 

40 

41 
42 
43 
44 

45 

46 
47 
48 
49 

50 

51 
62 
53 
54 

65 

56 
57 
58 
59 

60 



9.77 946 
9.77963 
9.77 980 

9.77 997 
9.78013 

9.78030 
9.78047 
9.78063 
9.78080 
9.78097 

9.78 113 
9.78 130 
9.78 147 
9.78 163 
9.78 180 

9.78 197 
9.78213 
9.78 230 
9.78 246 
9.78263 

9.78 280 
9.78 296 
9.78 313 
9.78 329 
9.78 346 

9.78362 
9.78 379 
9.78395 
9.78412 
9.78 428 

9.78445 
9.78461 
9.78478 
9.78494 
9.78 610 

9.78 527 
9.78643 
9.78560 
9.78576 
9.78 592 

9.78609 
9.78626 
9.78 642 
9.78658 
9.78674 

9.78 691 
9.78 707 
9.78 723 
9.78 739 
9.78 756 

9.78772 
9.78 788 
9.78 805 
9.78 821 
9.78 837 

9.78853 
9.78869 
9.78886 
9.78902 
9.78918 

9.78934 



LCos 



17 
17 
17 
16 
17 

17 
16 
17 
17 
16 

17 
17 
16 
17 
17 

16 
17 
16 
17 
17 

16 
17 
16 
17 
16 

17 
16 
17 
16 
17 

16 
17 
16 
16 
17 

16 
17 
16 
16 
17 

16 
17 
16 
1» 
17 

16 
16 
16 
17 
16 

16 
17 
16 
16 
16 

16 
17 
16 
16 
16 



LTan 



9.87 711 
9.87 738 
9.87 764 
9.87 790 
9.87 817 

9.87 843 
9.87 869 
9.87 895 
9.87 922 
9.87948 

9.87 974 
9.88000 

9.88 027 
9.88053 
9.88079 

9.88105 
9.88 131 
9.88158 
9.88184 
9.88210 

9.88 236 
9.88262 
9.88 289 
9.88315 
9.88341 

9.88367 
9.88 393 
9.88420 
9.88446 
9.88472 

9.88498 
9.88524 
9.88550 
9.88577 
9.88 603 

9.88629 
9.88656 
9.88681 
9.88 707 
9.88 733 

9.88759 
9.88 786 
9.88 812 
9.88838 
9.88 864 

9.88890- 
9.88 916 
9.88942 
9.88968 
9.88994 

9.89020 
9.89046 
9.89073 
9.89099 
9.89126 

9.89151 
9.89 177 
9.89203 
9.89229 
9.89255 

9.89281 



d / LCtn 



od 



27 
26 
26 
27 
26 

26 
26 
27 
26 
26 

26 
27 
26 
26 
26 

26 
27 
26 
26 
26 

26 
27 
26 
26 
26 

26 
27 
26 
26 
26 

26 
26 
27 
26 
26 

26 
26 
26 
26 
26 

27 
26 
26 
26 
26 

26 
26 
26 
26 
26 

26 
27 
26 
26 
26 

26 
26 
26 
26 
26 



cd 



LOtn 



0.12289 
0.12262 
0.12236 
0.12210 
0.12 183 

0.12 157 
0.12 131 
0.12105 
0.12078 
0.12052 

0.12026 
0.12000 
0.11 973 
0.11947 
0.11 921 

0.11 895 
0.11 869 
0.11 842 
0.11 816 
0.11790 

0.11 7(^4 
0.11 im 
0.11 711 
0.11685 
0.11659 

0.11633 
0.11 607 
0.11680 
0.11654 
0.11628 

0.11602 
0.11 476 
0.11450 
0.11423 
0.11 397 

0.11 371 
0.11346 
0.11 319 
0.11 293 
0.11 267 

0.11 241 
0.11 214 
0.11 188 
0.11 162 
0.11 136 

0.11 110 
0.11084 
0.11 058 
0.11 032 
0.11006 

0.10980 
0.10 954 
0.10 927 
0.10 \m 
0.10 876 

0.10 849 
0.10 823 
0.10 797 
0.10 771 
0.10 746 

0.10 719 



LOos 



9.90 235 
9.90225 
9.90216 
9.90206 
9.90197 

9.90 187 
9.90 178 
9.90168 
9.90 159 
9.90 149 

9.90139 
9.90130 
9.90120 
9.90111 
9.90 101 

9.90091 
9.90082 
9.90072 
9.90063 
9.90053 

9.9004:3 
9.90034 
9.90024 
9.90014 
9.90005 

9.89 9J)5 
9.89985 
9.89976 
9.89966 
9.89956 

9.89947 
9.89 937 
9.89927 
9.89918 
9.89908 

9.89898 
9.89888 
9.89879 
9.89869 
9.89859 

9.89849 
9.89840 
9.89 830 
9.89 820 
9.89 810 

9.89 801 
9.89 791 
9.89781 
9.89771 
9.89761 

9.89762 
9.89 742 
9.89 732 
9.89722 
9.89712 

9.89 702 
9.89693 
9.89683 
9.89673 
9.89663 

9.89653 



60 

59 
58 
57 
66 

66 

64 
63 
62 
61 

60 

49 
48 
47 
46 

46 

44 
43 
42 
41 

40 

39 
38 
37 
36 

86 

34 
33 
32 
31 

80 

29 

28 
27 
26 

26 

24 
23 
22 
21 

20 

19 
18 
17 
16 

16 

14 
13 
12 
11 

10 

9 
8 
7 
6 

6 

4 
3 
2 
1 





Prop. PtB. 





27 


26 


2 


5.4 


6.2 


3 


8.1 


7.8 


4 


10.8 


10.4 


6 


13.6 


13.0 


6 


16.2 


16.6 


7 


18.9 


18.2 


8 


21.6 


20.8 


9 


24.3 


23.4 



17 

3.4 

6.1 

6.8 

8.5 

10.2 

11.9 

13.6 

15.3 





16 


10 


2 


3.2 


2.0 


3 


4.8 


3.0 


4 


6.4 


4.0 


6 


8.0 


5.0 


6 


9.6 


6.0 


7 


11.2 


7 


8 


12.8 


8.0 


9 


14.4 


9.0 



9 

1.8 
2.7 
3.6 
4.5 
6.4 
6.3 
7.2 
8.1 



From the top : 

For 87°+ or 217°+, 
read as printed; for 
127°+ or 807°+, read 
co-fanctioii. 

From the bottom : 

For 62°+ or 282°+, 
read as printed ; for 
142°+ or 822°+, read 
co-function. 
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L Sin 



/ 





1 
2 
3 
4 

6 

6 
7 
8 
9 

10 

11 
12 
13 
14 

16 

16 
17 
18 
19 

20 

21 
22 
23 
24 

26 

26 
27 
28 
29 

80 

31 
32 
33 
34 

86 

36 
37 
38 
39 

40 

41 
42 
43 
44 

46 

46 
47 
48 
49 

60 

51 
62 
63 
54 

66 

56 
67 
58 
59 

SO 



i 



9.78934 
9.78 950 
9.78 9tJ7 

9.78 983 
9.78999 

9.79015 
9.79031 
9.79047 
9.79063 
9.79079 

9.79095 

9.79 111 
9.79 128 
9.79144 
9.79 160 

9.79 176 
9.79 192 
9.79208 
9.79224 
9.79240 

9.79256 
9.79272 
9.79 288 
9.79304 
9.79 319 

9.79336 
9.79351 
9.79:^7 
9.79383 
9.79399 

9.79415 
9.79431 
9.79447 
9.79463 
9.79478 

9.79494 
9.79510 
9.79526 
9.79542 
9.79568 

9.79573 
9.79589 
9.79605 
9.79621 
9.79636 

9.79652 
9.79668 
9.79684 
9.79699 
9.79715 

9.79 731 
9.79746 
9.79762 
9.79 778 
9.79793 

9.79809 
9.79826 
9.79840 
9.79856 
9.79872 

9.79887 



LTan 



9.89281 
9.89 307 
9.89 333 
9.89 359 
9.89385 

9.89411 
9.89437 
9.89 4(;3 
9.89489 
9.89516 

9.89541 
9.89567 
9.89593 
9.89619 
9.89645 

9.89671 
9.89697 
9.89723 
9.89 749 
9.89 775 

9.89801 
9.89 827 
9.89853 
9.89879 
9.89 905 

9.89 931 
9.89957 
9.89983 
9.90009 
9.90035 

9.90061 
9.90086 
9.90 112 
9.90138 
9.90164 

9.90190 
9.90216 

9.90 242 
9.90 268 
9.90294 

9.90320 
9.90 316 
9.90371 
9.90397 
9.90423 

9.90449 
9.90475 
9.90 501 
9.90527 
9.90553 

9.90 578 
9.90604 
9.90630 
9.90 656 
9.90682 

9.90708 
9.90 734 
9.90 759 
9.90 785 
9.90 811 

9.90 837 



LCoa / d i 



LCtn 



cd 



26 
26 
26 
26 
26 

26 
26 
26 
26 
26 

26 
26 
26 
26 
26 

26 
26 
26 
26 
26 

26 
26 
26 
26 
26 

26 
26 
26 
26 
26 

25 
26 
26 
26 
26 

26 
26 
26 
26 
26 

26 
25 
26 
26 
26 

26 
26 
26 
26 
25 

26 
26 
26 
26 
26 

26 
25 
26 
26 
26 



LCtn 



0.10 719 
0.10693 
0.10667 
0.10641 
0.10615 

0.10 589 
0.10 o63 
0.10537 
0.10511 
0.10485 

0.10459 
0.10 433 
0.10407 
0.10 381 
0.10 355 

0.10 329 
0.10303 
0.10277 
0.10 251 
0.10 225 

0.10199 
0.10 173 
0.10147 
0.10121 
0.10095 

0.10069 
0.10043 
0.10017 
0.09991 
0.09965 

0.09939 
0.09914 
0.09 888 
0.09 862 
0.09836 

0.09810 
0.09784 
0.09 768 
0.09 732 
0.09 706 

0.09680 
0.09654 
0.09629 
0.09 (i03 
0.09 577 

0.09651 
0.09525 
0.09499 
0.09473 
0.09447 

0.09422 
0.09 396 
0.09370 
0.09 344 
0.09318 

0.09292 
0.09266 
0.09 241 
0.09215 
0.09 189 

0.09163 



LGOB 



9.89663 
9.89643 
9.89633 
9.89624 
9.89614 

9.89604 
9.89594 
9.89684 
9.89574 
9.89564 

9.89554 
9.89544 
9.89534 
9.89524 
9.89514 

9.89604 
9.89495 
9.89485 
9.89475 
9.89466 

9.89455 
9.89445 
9.89 435 
9.89425 
9.89416 

9.89406 
9.89395 
9.89385 
9.89 375 
9.89 364 

9.89354 
9.89 344 
9.89334 
9.89 324 
9.89 314 

9.89304 
9.89 294 
9.89 284 
9.89274 
9.89264 

9.89264 
9.89 244 
9.89233 
9.89 223 
9.89 213 

9.89203 
9.89 193 
9.89 183 
9.89 173 
9.89162 

9 89152 
9.89 142 
9.89 132 
9.89 122 
9.89 112 

9.89 101 
9.89091 
9.89081 
9.89071 
9.89060 

9.89050 



cdl LTaa \ li^m 



\ ^ 



60 

59 
58 
57 
66 

66 

64 
63 
62 
51 

60 

49 
48 

47 
46 

46 

44 
43 
42 
41 

40 

39 
38 
37 
36 

86 

34 
83 
32 
31 

80 

29 
28 
27 
26 

26 

24 
23 
22 
21 

20 

19 
18 
17 
16 

15 
14 
13 
12 
11 

10 

9 
8 
7 
6 

6 

4 
3 
2 
1 





I 



Prop. PtB. 





26 


26 


2 


6.2 


5.0 


3 


7.8 


7.5 


4 


10.4 


10.0 


5 


13.0 


12.5 


6 


15.6 


16.0 


7 


18.2 


17.5 


8 


20.8 


20.0 


9 


23.4 


22 JS 





16 


16 


2 


3.2 


3.0 


3 


4.8 


4.6 


4 


6.4 


6.0 


5 


8.0 


7.5 


6 


9.6 


9.0 


7 


11.2 


10.5 


8 


12.8 


12.0 


9 


14.4 


13.5 



17 

3.4 

5.1 

6.8 

8.5 

10.2 

11.9 

13.6 

15.3 



11 

2.2 
3.3 
4.4 
5.5 
6.6 
7.7 
8.8 
9.9 





10 


2 


2.0 


3 


3.0 


4 


4.0 


5 


6.0 


6 


6.0 


7 


7.0 


8 


8.0 


9 


9.0 



9 

1.8 
2.7 
3.6 
4.5 
5.4 
6.3 
7.2 
8.1 



From the top: 

For88°+6r218°+, 
read as printed ; for 
128<^+or808°+,read 
co-fonction. 

From the bottom: 

For 51°+ or 281°+, 
read as printed; for 
141°+ or 821°+, read 
co-function. 
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M LSin 





1 
2 
3 
4 

6 

6 
7 
8 
9 

10 

u 

12 
13 
14 

16 

16 
17 
18 
19 

SO 

21 
22 
23 
21 

25 

26 
27 
28 
29 

80 

31 
32 
33 
34 

86 

36 
37 
38 
39 

40 

41 
42 
43 
44 

45 

46 
47 
48 
49 

60 

51 
52 
53 
54 

66 

56 
57 
58 
59 

60 



9.79887 
9.79903 
9.79918 
9.79934 

9.79 950 

9.79965 
9.79981 
9.79996 
9.80012 

9.80 027 

9.80 043 
9.80058 
9.80074 
9.80089 
9.80 105 

9.80120 
9.80136 
9.80 151 
9.80166 
9.80 182 

9.80197 

9.80213 

9.80228. 

9.80244 

9.80259 

9.80274 
9.80290 
9.80 305 
9.80320 
9.80336 

9.80351 
9.80366 
9.80 382 
9.80397 
9.80412 

9.80428 
9.80443 
9.80458 
9.80473, 
9.80489 

9.80504 
9.80519 
9.80534 
9.80550 
9.80>565 

9.80580 
9.80595 
9.80610 
9.80625 
9.80641 

9.80656 
9.80671 
9.80686 
9.80701 
9.80716 

9.80 731 
9.80 746 
9.80 762 
9.80 777 
9.80 792 

9.80807 



LGos 



L Tan 



9.90837 
9.90 86:3 
9.90889 
9.90914 
9.90940 

9.90 966 
9.90992 
9.91 018 
9.91 043 
9.91069 

9.91095 
9.91 121 
9.91 147 
9.91 172 
9.91 198 

9.91224 
9.91250 
9.91 276 
9.91 301 
9.91327 

9.91353 
9.91 379 
9.91404 

9.91 430 
9.91456 

9.91 482 
9.91507 
9.91533 
9.91 559 
9.91585 

9.91 610 
9.91636 
9.91 662 
9.91688 
9.91 713 

9.91 739 
9.91 765 
9.91 791 

9.91 816 
9.91 842 

9.91868 
9.91 893 
9.91 919 
9.91945 
9.91971 

9.91996 
9.92022 
9.92048 
9.92073 
9.92099 

9.92 125 
9.92150 
9.92 176 

9.92 202 
9.92 227 

9.92 253 
9.92 279 
9.92 304 
9.92 330 
9.92 356 

9.92 381 



LCtn 



cdl LCtn 



26 
26 
25 
26 
26 

26 
26 
25 
26 
26 

26 
26 
25 
26 
26 

26 
26 
25 
26 
26 

26 
25 
26 
26 
26 

25 
26 
26 
26 
25 

26 
26 
26 
25 
26 

26 
26 
25 
26 
26 

25 

26 
26 
26 
25 

26 
26 
25 
26 
26 
25 

26 
26 
25 
26 

26 
25 
26 
26 
25 



cd 



0.09 163 
0.09 137 
0.09 HI 
0.09086 
0.09060 

0.09034 
0.09008 
0.08 982 
0.08957 
0.08 931 

0.08 905 
0.08 879 
0.08 853 
0.08 828 
0.08 802 

0.08 776 
0.08 760 
0.08 724 
0.08699 
0.08673 

0.08647 
0.08621 
0.08596 
0.08570 
0.08 544 

0.08518 
0.08 493 
0.08467 
0.08441 
0.08 415 

0.08 390 
0.08 364 
0.08 338 
0.08 312 
0.08 287 

0.08 261 
0.08 235 
0.08 209 
0.08184 
0.08 158 

0.08 132 
0.08 107 
0.08081 
0.08055 
0.08029 

0.08004 
0.07 978 
0.07 952 
0.07 927 
0.07 901 

0.07 875 
0.07 850 
0.07 824 
0.07 798 
0.07 773 

0.07 747 
0.07 721 
0.07 696 
0.07 670 
0.07 644 

0.07 619. 



LTan 



LCk>8 



9.89050 
9.89040 
9.89030 
9.89020 
9.89009 

9.88999 
9.88 989 
9.88978 
9.88 968 
9.88958 

9.88 948 
9.88 937 
9.88927 
9.88 917 
9.88 906 

9.88 896 
9.88886 
9.88 875 
9.88 865 
9.88 855 

9.88 844 
9.88 834 
9.88 824 
9.88 813 
9.88 803 

9.88 793 
9.88 782 
9.88 772 
9.88 761 
9.88 751 

9.88741 
9.88730 
9.88720 
9.88 709 
9.88699 

9.88688 
9.88078 
9.88668 
9.88657 
9.88647 

9.88636 
9.88626 
9.88615 
9.88 ()05 
9.88594 

.9.88584 
9.88 573 
9.88563 
9.88552 
9.88542 

9.88531 
9.88521 
9.88 510 
9.88 499 
9.88 489 

9.88478 
9.88468 
9.88457 
9.88 447 
9.88436 

9.88425 



LSin. 



60 

59 
58 
57 
56 

66 

54 
53 
52 
51 

60 

49 
48 
47 
46 

46 

44 
43 
42 
41 

40 

39 
38 
37 
36 

85 

34 
33 
32 
31 

80 

29 
28 
27 
26 

26 

24 
23 
22 
21 

20 

19 
18 
17 
16 

16 

14 
13 
12 
11 

10 

9 
8 
7 
6 

6 

4 
3 
2 
1 





Prop. Pto. 





26 


25 


2 


5.2 


5.0 


3 


7.8 


7.5 


4 


10.4 


10.0 


5 


13.0 


12.5 


6 


15.6 


15.0 


7 


18.2 


17.5 


8 


20.8 


20.0 


9 


23.4 


22.5 



16 

3.2 

4.8 

6.4 

8.0 

9.6 

11.2 

12.8 

14.4 





15 


11 


2 


3.0 


2.2 


3 


4.5 


3.3 


4 


6.0 


4.4 


5 


7.5 


5.5 


6 


9.0 


6.6 


7 


10.5 


7.7 


8 


12.0 


8.8 


9 


13.5 


9.9 



10 

2.0 
3.0 
4.0 
5.0 
6.0 
7.0 
8.0 
9.0 



From the top : 

For 89°+ or 219°+, 
read as printed; for 
129°+ or 809°+, read 
co-f unction. 

From the bottom : 

For 60°+ or 280°+, 
read as printed; for 
140°+ or 820°+, read 

co-function. 



PtO^. PtiEL. 



d0^— Xrogarithms of TrlgouomctcVc 1^iKftRN3tfSfts. 



40°— Logarithms of Tiigonometrie Functions 



).92 010 



).g2f>G3 
).92 6H9 
}.92 715 



1.93457 
(.y34H2 
(.93008 



0.06 8S0 
0.«<825 
0.06 799 
0.06 773 

0.06 722 
0.06 tm 
0.06 671 

0^06620 



0.06467 
0.06441 

0.06416 
0.06 3W) 



0.06 313 
0.06 288 
0.06262 
0.06237 



I 1^0. 



26 


BS 






10 




10.0 


1:- 


1 


12.6 


If 


1 


1B.0 




}. 


iTJi 










4 


22J( 



li 


11 


w 


?R 


t-f. 


'0 


4.3 








■ix\ 


f 


s 


11,0 


8.4 


6 


6 


6.0 


11 « 


\ 


8 


sn 


12.6 


U 







From the top ; 

For 40°+ or 820°+ 
read as printed; loi 
180=+ or 810°+, read 

CO-fUDCtloD. 

.From the bottom : 

For49°+or22B''+. 
reail as printed loi 






49°'-LogaHQi]m of TrigftwometaAt ^wiRasma 



nil 




41 


°- 


Logsrlflmu of Trigonometric Functions 




87 




T 


LBin 


~ 


LTUL 


Cd 


LCtn 


LCOB 


d 




P«)p,PM. 







9.81 fi94 








0.06084 


B.8T778 




eo 








( 


81709 




9!93i»2 




0.06058 


9.87 767 




69 






3 
3 


i 


81723 
81738 




B.93 967 
9.1)3 993 


26 


0.06033 
0,06 007 


9.87 766 
9.87 746 




88 

57 






i 


9 


8ITG2 




0.94018 


3S 


0.06 982 


9.87 734 




56 






t 


9 


81767 




9.1M044 


0.a'S966 


9,87 723 




OS 








9 


81781 




9.91069 




0.O5 931 


9.87 712 










7 


9 


81796 




9.94090 






9,87 701 












9 


81810 




9.91120 




0!06 880 


9.87 690 




62 






9 


9 


,81825 




9,M146 




0.05 86* 


9.87 679 




61 






10 


9 


81839 




9.W171 




0.05 829 


9.87 6f« 




SO 




SB 


SO 






u 


9 


il8M 




9.«197 




0.06 803 


9.87 657 






2 


6,2 


8.0 


3.0 






9 






9.94 222 




0,05 778 






48 


3 


7.8 


7.6 


4 


6 




13 


9 


111882 




9.W248 




0,05 752 


9^87 636 




47 




10.4 


10.0 


6 







H 


9 


81 897 




9.94 273 




0,0B727 






46 




13,0 


12.5 




6 




IS 


9 


81911 




9.M299 


a^ 




9.87 613 




46 


6 


15.6 


16.0 


9 









9 


J1936 




9.94 324 


is 


0!0S676 






44 


7 


18,2 


17.5 


1( 


5 






9 






9.94 350 




0.05 6.W 


9187 590 




43 


9 


2314 


22!5 








18 


9 


:ti9«i 




9.91 a7S 




0,05625 


9.87 579 










19 


9 


81969 




9.M401 


as 


0.05599 


9,87668 










20 


9 


81983 




9.91426 


0,05574 






«0 






21 


9 


SI 998 




9.94 452 




0,05 648 


9,87 546 




31) 






22 


9^aoi3 




9.94477 




0.05623 


9.87 535 




38 




14 


18 


11 




23 


9^3038 




9.94603 




O.Ce 41f7 


9,87 624 








2,8 


3.4 


2.2 




» 


9.83011 








0.05472 






36 






3.6 


3.3 




£6 


9.8305,'5 




9.94 554 




0.05446 


9,87 801 




SB 




6S 


4,8 


4.4 




26 


9-S2 0111) 




9.91679 




0.05 431 


9,87490 








7,0 


6.0 


6,6 




27 


9.82 084 




9.114604 




0,05 a96 


9,87 479 








8.4 


7.3 


6.6 




28 


9.820rffl 








0.05 370 


9,87 468 




33 




9.8 


B.4 


7.7 




2S 


9.82112 




9.<H665 




0.08 315 


9.87 457 




31 




11.3 


9.6 






M 


9,82 126 




9.94 681 




0.08 319 


9,87440 




SO 




13.6 


10.8 


9,9 




31 


9.83 141 


1? 








9 87 434 




29 






32 


9.83 IM 


1* 


a!94732 




0l05 268 


9,87 433 




28 






.13 


9.82169 




9.94 757 




0,05243 


9.87 412 




27 






34 


9.83 184 




9.M783 


28 


0.06 217 


9.87 401 




26 






3t 


9.82198 




9.94 808 




0.05 192 


9.87 SO 




S6 






W 


9.83 312 




9.94834 




0.05168 


1).87 378 




24 






31 


9.82 2211 




9.94869 




0,05141 


9.87 367 




23 


From the top: 




.% 


9.83 340 




9.91 8&1 




0.05 116 


9.87 3ofl 








39- 


9.82 3B5 




9.94910 


M 


0.05 OUO 


9.87 346 




21 


Fot41<'+orB21'>+, 




40 


9.82269 




9.91935 


0.08 065 


9.87 331 




SO 


lead as priuted ; fur 




41 


9.82 2S:i 




9.94 961 


al 


003 o:« 


9.87 322 




1!) 


181°+or811°+, read 




42 


9.83 39T 




9.94 9S6 


0.05014 


11.87 311 










« 


9.82 311 




9.9S 013 




0.04988 


9.87 300 




17 


oo-fuQctiou. 




44 


9.82 336 




9.95 Off 




0.04 963 


9.87 288 




16 






45 


9,82340 




9.90 062 




0.01 9;« 


9,87 277 




IS 


From the bottom. ■ 




46 


9.82 3M 




g.!<0 0U8 




0,01912 


9,87 266 




14 


K»r4a=tof228^+, 




47 


9.82 368 




9.95 113 




0,04887 


9,87 265 








48 


9.B3 382 




9.i)Si;B 




0,04 8lil 


9,87 243 




12 


reailiix prints) lor 




49 


9.82 396 




9.90164 


11 


0,04 «;« 


9,87 232 




11 


laS"■^or3Ir+,^e»d 




60 


9.82 410 




9.96190 


0,04 810 


9,87221 




10 


co-tunction. 




51 


9.83 424 






0.04785 


9.87 209 










02 
53 


9.8343!) 
9.824.-^1 




9.1)5 240 

1). 1)5 266 


28 


0.04 760 
0.04734 


9.87 187 




8 
7 






54 


9.82 467 




9.95 291 


M 


0.04709 


9.87175 




6 






SS 


n.82 481 




9.95 317 


0,04683 


9,87 164 




S 






S6 


9.8341)5 




9,95 343 




0,01658 


9,87 153 




4 






87 


9.83 BO!) 




9.95 368 




0,04632 


9.87 141 




3 






5H 


9.83 S2,l 




9,95 sat 




0,04607 


9,87 i;» 




2 








9.836:17 








0.04582 


9,87 119 




1 






is. 


9.82 Ml 




9.9". 444 






9,87 107 











, 


LCm 


d 1 ICtn 


77 


LTan 


LUa. ^ &\ < 


\ ■Sti**,'*^. \ 
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42*" — Logarithms of Trigonometrie Functions 



\m 



LSin 





1 
2 
3 
4 

6 

6 
7 
8 
9 

10 

11 
12 
13 
14 

16 

16 
17 
18 
19 

20 

21 
22 
23 
24 

26 

26 
27 
28 
29 

80 

31 
32 
33 
34 

86 

36 
37 
38 
39 

40 

41 
42 
43 
44 

46 

46 

47 
48 
49 

60 

51 
52 
63 
54 

66 

66 
67 
58 
59 

SO 



■ 



9.82 551 
9.82565 
9.82 579 
9.82 593 
9.82 607 

9.82 621 
9.82635 
9.82649 
9.82663 
9.82 677 

9.82691 
9.82 705 
9.82 719 
9.82 733 
9.82 747 

9.82 761 
9.82 775 
9.82788 
9.82802 
9.82 816 

9.82 830 
9.82 8M 
9.82 858 
9.82872 
9.82885 

9.82-899 
9.82913 
9.82 927 
9.82 941 
9.82 956 

9.82968 
9.82 982 

9.82 996 
9.83010 
9.83023 

9.83037 
9.83051 
9.83065 
9.83078 
9.83092 

9.83106 
9.83120 
9.83 133 
9.83 147 
9.83 161 

9.83 174 
9.83188 
9.83202 
9.83215 
9.83229 

9.83242 
9.83256 
9.83270 

9.83 283 
9.83 297 

9.83 310 
9.83324 
9.83 338 
9.83 351 
9.83365 

9.83378 
LOoa I 



14 
14 
14 
14 
14 

14 
14 
14 
14 
14 

14 
14 
14 
14 
14 

14 
13 
14 
14 
14 
14 
14 
14 
13 
14 

14 
14 
14 
14 
13 
14 
14 
14 
13 
14 

14 
14 
13 
14 
14 

14 
13 
14 
14 
13 
14 
14 
13 
14 
13 

14 
14 
13 
14 
13 

14 
14 
13 
14 
13 



LTan 



9.95444 
9.95 469 
9.95 495 
9.95 520 
9.95 645 

9.95 571 
9.95 596 
9.95 622 
9.95 647 
9.95672 

9.95 698 
9.95 723 
9.95 748 

9.95 774 

9.96 799 

9.95 825 
9.95 850 
9.95 875 
9.95 901 
9.95 926 

9.95 952 

9.95 977 
9.96002 
9.96028 
9.96053 

9.96078 
9.96104 
9.96129 
9.96 155 
9.96180 

9.96205 

9.96 231 
9.96 256 
9.96 281 
9.96 307 

9.96 332 
9.96 357 
9.96 383 
9.96 408 
9.96433 

9.96 469 
9.96484 
9.96510 
9.96 535 
9.96 560 

9.96 586 
9.96611 
9.96636 
9.96662 
9.96687 

9.9(3712 
9.96 738 
9.96 763 
9.96 788 
9.96 814 

9.96 839 
9.96 8(>4 
9.96 890 
9.96 915 
9.96 940 

9.96966 



cd 



d / LCtn 



25 
26 
25 
25 
26 

25 
26 
25 
25 
26 

25 
25 
26 
25 
26 

25 
25 
26 
25 
26 

25 
25 
26 
25 
25 

26 
25 
26 
25 
25 

26 
25 
25 
26 
25 

25 
26 
25 
25 
26 

25 
26 
25 
25 
26 

25 
25 
26 
25 
25 

26 
25 
25 
26 
25 

25 
26 
25 
25 
26 



LCtn 



0.04 556 
0.04 631 
0.04 505 
0.04480 
0.04 456 

0.04 429 
0.04404 
0.04 378 
0.04 353 
0.04 328 

0.04 302 
0.04 277 
0.04 252 
0.04 226 
0.04 201 

0.04 176 
0.04150 
0.04126 
0.04099 
0.04074 

0.04 048 
0.04 023 
0.03 998 
0.03 972 
0.03 947 

0.03922 
0.03896 
0.03 871 
0.03 845 
0.03820 

0.03 795 
0.03 769 
0.03 744 
0.03 719 
0.03693 

0.03668 
0.03 643 
0.03617 
0.03692 
0.03667 

0.03541 
0.03516 
0.03490 
0.03466 
0.03440 

0.03414 
0.03 389 
0.03 364 
0.03 338 
0.03 313 

0.03288 
0.03262 
0.03 237 
0.03212 
0.03186 

0.03 161 
0.93136 
0.03 110 
0.03085 
0.03060 

0.03034 



LCoB 



9.87 107 
9.87096 
9.87085 
9.87073 
9.87 062 

9.87050 
9.87039 
9.87028 
9.87016 
9.87005 

9.86 993 
9.86982 
9.86 970 
9.86 959 
9.86947 

9.86 936 
9.86 924 
9.86913 
9.86 902 
9.86890 

9.86 879 
9.86 867 
9.86 856 
9.86844 
9.86832 

9.86 821 
9.86 809 
9.86 798 
9.86 786 
9.86 775 

9.86 763 
9.86752 
9.86 740 
9.86728 
9.86717 

9.86705 
9.86694 
9.86682 
9.86670 
9.86669 

9.86647 
9.86636 
9.86624 
9.86612 
9.86600 

9.86589 
9.86 677 
9.86 565 
9.86554 
9.86542 

9.86530 
9.86518 
9.86607 
9.86495 
9.86483 

9.86472 
9.86460 
9.86448 
9.86436 
9.86425 

9.86413 



11 
11 
12 
11 
12 

11 
11 
12 
11 
12 

11 
12 
11 
12 
11 

12 
11 
11 
12 
11 

12 
12 
11 
12 
11 

12 
11 
12 
11 
12 

11 
12 
12 
11 
12 

11 
12 
12 
11 
12 

12 
11 
12 
12 
11 

12 
12 
11 
12 
12 

12 
11 
12 
12 
11 

12 
12 
12 
11 
12 



cdl LTan \ li^m \ ^ 



60 

59 
68 
67 
66 

66 

54 
63 
52 
51 

60 

49 
48 
47 
46 

45 

44 
43 
42 
41 

40 

39 
38 
37 
36 

86 

34 
33 
32 
31 

80 

29 
28 
27 
26 

26 

24 
23 
22 
21 

20 

19 
18 
17 
16 

16 

14 
13 
12 
11 

10 

9 
8 
7 
6 

6 

4 
3 
2 

1 



Prop. Pt8. 





26 


26 


2 


5.2 


6.0 


3 


7.8 


7.6 


4 


10.4 


10.0 


6 


13.0 


12.5 


6 


16.6 


15.0 


7 


18.2 


17.5 


8 


20.8 


20.0 


9 


23.4 


22.5 



14 

2.8 
4.2 
5.6 
7.0 
8.4 
9.8 
11.2 
12.p 





18 


12 


2 


2.6 


2.4 


3 


3.9 


3.6 


4 


6.2 


4.8 


6 


6.5 


6.0 


6 


7.8 


7.2 


7 


9.1 


8.4 


8 


10.4 


9.6 


9 


11.7 


10.8 



11 

2.2 
3.3 
4.4 
5.5 
6.6 
7.7 
8.8 
9.9 



From the top: 

For42°+or222°+, 
read as printed; for 
182°+ or 812°+, read 
co-function. 

From the bottom: 

For47°+or227°+, 
read as printed; for 
187°+ or 817°+, read 
co-function. 



Prop. Pts. 
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1 

2 
3 
4 

6 

6 
7 
8 
9 

10 

11 
12 
13 
14 

16 

16 
17 
18 
19 

80 

21 
22 
23 
24 

85 

26 
27 
28 
29 

80 

31 
32 
33 
34 

85 

36 
37 
38 
39 

40 

41 
42 
43 

44 

45 

46 

47 
48 
49 

50 

51 
62 
53 
54 

56 

56 
57 
58 
59 

60 



LSin 



9.83378 
9.83 d92 
9.83405 
9.83419 
9.83432 

9.83446 
9.83459 
9.83473 
9.83486 
9.83500 

9.83513 
9.83527 
9.83540 
9.83554 
9.83567 

9.83581 
9.83594 
9.83608 
9.83621 
9.83634 

9.83648 
9.83661 
9.83674 
9.83688 
9.83 701 

9.83 715 
9.83 728 
9.83 741 
9.83765 
9.83768 

9.83 781 
9.83795 
9.83808 
9.83 821 
9.83834 

9.83 848 
9.83 861 
9.83874 
9.83 887 
9.83901 

9.83914 
9.83927 

9.83 940 
9.83954 
9.83967 

9.ot5 9oU 
9.83993 
9.84006 
9.84020 
9.84033 

9.84046 
9.84059 
9.84072 
9.84085 
9.84098 

9.84 112 
9.84125 
9.84138 

9.84 151 
9.84164 

9.84 177 



LCos 



14 
13 
14 
13 
14 

13 
14 
13 
14 
13 

14 
13 
14 
13 
14 

13 
14 
13 
13 
14 

13 
13 
14 
13 

14 

13 
13 
14 
13 
13 

14 
13 
13 
13 
14 

13 
13 
13 
14 
13 

13 
13 
14 
13 
13 

13 
13 
14 
13 
13 

13 
13 
13 
13 
14 

13 
13 
13 
13 
13 



LTan 



9.96 
9.96 
9.97 
9.97 
9.97 

9.97 
9.97 
9.97 
9.97 
9.97 

9.97 
9.97 
9.97 
9.97 
9.97 

9.97 
9.97 
9.97 
9.97 
9.97 

9.97 
9.97 
9.97 
9.97 
9.97 

9.97 
9.97 
9.97 
9.97 
9.97 

9.97 
9.97 
9.97 
9.97 
9.97 

9.97 
9.97 
9.97 
9.97 
9.97 

9.97 

•7. .TO 

9.98 
9.98 
9.98 

9.98 
«7«yo 

9.9o 
9.98 
9.9o 

9.98 

9.98 
9.98 
9.98 

9.98 
9.98 
9.98 
9.98 
9.98 

9.08 



966 
991 
016 
042 
067 

092 
118 
143 
1()8 
193 

219 
244 
269 
295 
320 

345 
371 
396 
421 
447 

472 
497 
523 
548 
573 

598 
624 
649 
674 

700 

725 
750 
776 
801 
826 

851 
877 
902 
927 
953 

978 
003 
029 
054 
079 

104 
130 
155 
180 
206 

231 
256 
281 
307 
332 

357 
383 
408 
433 
458 

484 



LCtn led 



cd 



26 
25 
26 
25 
25 

26 
25 
25 
25 
26 

25 
25 
26 
25 
25 

26 
25 
25 
26 
26 

25 
26 
25 
25 
25 

26 
25 
25 
26 
25 

25 
26 
25 
25 
25 

26 
25 
26 
26 
25 

25 
26 
26 
26 
25 

26 
25 
25 
26 
25 

25 
25 
26 
25 
25 

26 
25 
25 
25 
26 



LOtn 



0.03034 
0.03009 
0.02984 
0.02958 
0.02933 

0.02908 
0.02 882 
0.02 857 
0.02 832 
0.02 807 

0.02 781 
0.02 756 
0.02 731 
0.02 705 
0.02680 

0.02655 
0.02629 
0.02604 
0.02 579 
0.02553 

0.02 528 
0.02 503 
0.02477 
0.02 452 
0.02427 

0.02402 
0.02 376 
0.02 351 
0.02 326 
0.02 300 

0.02 275 
0.02260 
0.02 224 
0.02199 
0.02 174 

0.02 149 
0.02 123 
0.02098 
0.02073 
0.02 047 

0.02022 
0.01997 
0.01 971 
0.01946 
0.01 921 

0.01 896 
0.01 870 
0.01845 
0.01 820 
0.01 794 

0.01 769 
0.01 744 
0.01 719 
0.01 693 
0.01668 

0.01 643 
0.01 617 
0.01 592 
0.01 567 
0.01 542 

0.01516 



LCk>8 



9.86413 
9.86401 
9.86 389 
9.86377 
9.86 366 

9.8()354 
9.86342 
9.86330 
9.86318 
9.86 306 

9.86 295 
9.86 283 
9.86 271 
9.86 269 
9.86 247 

9.86 235 
9.86 223 
9.86 211 
9.86 200 
9.86188 

9.86 176 
9.86 164 
9.86 152 
9.86140 
9.86128 

9.86 116 
9.86104 
9.86092 
9.86080 
9.86068 

9.86056 
9.86044 
9.86032 
9.86020 
9.86008 

9.85 996 
9.85 984 
9.85 972 
9.85 960 
9.85 948 

9.85936 
9.85 924 
9.85912 
9:85 900 
9.85 888 

9.85 876 
9.85 864 
9.85 851 
9.85 839 
8.85 827 

9.85 815 
9.85 803 
9.85 791 
9.85 779 
9.85 766 

9.85 754 
9.85 742 
9.85 730 
9.85 718 
9.85 706 

9.85693 



60 

59 
58 
57 
66 

66 

54 
53 
52 
51 

60 

49 
48 
47 
46 

46 

44 
43 
42 
41 

40 

39 
38 
37 
36 

86 

33 
32 
31 

80 

29 
28 
27 
26 

26 

24 
23 
22 
21 

20 

19 
18 
17 
16 

16 

14 
13 
12 
11 

10 

9 
8 
7 
6 

6 

4 
3 
2 
1 





Prop. Pto. 





26 


26 


2 


5.2 


5.0 


3 


7.8 


7.5 


4 


10.4 


10.0 


6 


13.0 


12.5 


6 


15.6 


15.0 


7 


18.2 


17.5 


8 


20.8 


20.0 


9 


23.4 


22.5 



14 

2.8 
4.2 
5.6 
7.0 
8.4 
9.8 
11.2 
12.6 





18 


12 


2 


2.6 


2.4 


3 


3.9 


3.6 


4 


5.2 


4.8 


5 


6.5 


6.0 


6 


7.8 


7.2 


7 


9.1 


8.4 


8 


10.4 


9.6 


9 


11.7 


10.8 



11 

2.2 
3.3 
4.4 
5.5 
6.6 
7.7 
8.8 
9.9 



From the top : 

For 48°+ or 228°+, 
read as printed; for 
188°+ or 818°+, read 
co-fuuction. 

From the bottom : 

For46°+or226°+, 
read as printed ; for 
186°+ or 816°+, read 
co-function. 
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36° — Logarithms of Trif^nometrie Functions 



[ni 



LSin 



/ 





1 

2 
3 
4 

6 

6 

7 
8 
9 

10 

11 
12 
13 
14 

16 

16 
17 
18 
19 

20 

21 
22 
23 
24 

26 

26 
27 
28 
29 

80 

31 
32 
33 
34 

86 

36 
37 
38 
39 

40 

41 
42 
43 
44 

46 

46 
47 

48 
49 

60 

51 
52 
53 
54 

66 

56 
67 

58 
59 

60 



9.76 922 
9.76939 
9.76957 

9.76 974 
9.76991 

9.77009 
9.77026 
9.77043 
9.77061 
9.77078 

9.77095 
9.77112 

9.77 i:iO 
9.77 147 
9.77 164 

9.77 181 
9.77 199 
9.77 216 
9.77 233 
9.77 250 

9.77 268 
9.77 285 
9.77 302 
9.77 319 
9.77 336 

9.77 353 
9.77 370 
9.77 387 
9.77406 
9.77422 

9.77439 
9.77456 
9.77473 
9.77490 
9.77 507 

9.77524 
9.77 541 
9.77 558 
9.77 575 
9.77 592 

•9.77609 
9.77 626 
9.77 643 
9.77 660 
9.77 677 

9.77694 
9.77 711 
9.77 728 
9.77 744 
9.77 761 

9.77 778 
9.77 795 
9.77 812 
9.77 829 
9.77 846 

9.77 862 
9.77 879 
9.77 896 
9.77913 
9.77 930 

9.779i6 



} 9.779i6 I 
7 LCoB I 



17 
18 
17 
17 
18 

17 
17 
18 
17 
17 

17 
18 
17 
17 
17 

18 
17 
17 
17 
18 

17 
17 
17 
17 
17 

17 
17 
18 
17 
17 

17 
17 
17 
17 
17 

17 
17 
17 
17 
17 

17 
17 
17 
17 
17 

17 
17 
16 
17 
17 

17 
17 
17 
17 
16 

17 
17 
17 
17 
16 



LTan 



9.86126 
9.86 153 
9.86 179 
9.86 206 
9.86 232 

9.86 259 
9.86 285 
9.86 312 
9.86 3;^ 
9.86 365 

9.86 392 
9.86 418 
9.86 445 
9.86 471 
9.86 498 

9M 524 
9.86 551 
9.86 577 
9.86 603 
9.86 630 

9.86656 
9.86683 
9.86 709 
9.80 736 
9.86 762 

9.86 789 
9.86 815 
9.8(J 842 
9.86 868 
9.86 894 

9.86 921 
9.86 947 

9.86 974 

9.87 000 
9.87 027 

9.87053 
9.87 079 
9.87 106 
9.87 132 
9.87 158 

9.87 185 
9.87 211 
9.87 238 
9.87 264 
9.87 290 

9.87 317 
9.87 343 
9.87 369 
9.87 396 
9.87 422 

9.87 448 
9.87 475 
9.87 501 
9.87 527 
9.87 554 

9.87 680 
9.87 60t) 
9.87 633 
9.87 659 
9.87 685 

9.87 711 



cd 



27 
26 
27 
26 
27 

26 
27 
26 
27 
27 

26 
27 
26 
27 
26 

27 
26 
26 
27 
26 

27 
26 
27 
26 
27 

26 
27 
26 
26 
27 

26 
27 
26 
27 
26 

26 
27 
26 
26 
27 

26 
27 
26 
26 
27 

26 
26 
27 
26 
26 

27 
26 
26 
27 
26 

26 
27 
26 
26 
26 



LCtn 



0.13 874 
0.13 847 
0.13821 
0.13 794 
0.13768 

0.13 741 
0.13715 
0.13688 
0.13662 
0.13635 

0.13608 
0.13582 
0.13 555 
0.13 529 
0.13502 

0.13476 
0.13 449 
0.13423 
0.13 397 
0.13 370 

0.13 344 
0.13 317 
0.13 291 
0.13 264 
0.13 238 

0.13 211 
0.13 185 
0.13 158 
0.13 132 
0.13 106 

0.13079 
0.13053 
0.13026 
0.13000 
0.12973 

0.12947 
0.12 921 
0.12 894 
0.12 868 
0.12 842 

0.12 815 
0.12 789 
0.12 762 
0.12 736 
0.12 710 

0.12683 
0.12 657 
0.12 631 
0.12604 
0.12 578 

0.12 552 
0.12525 
0.12499 
0.12 473 
0.12446 

0.12 420 
0.12 394 
0.12 3(;7 

0.12 :m 

0.12 315 
0.12 289 



LOoB 



9.90 796 
9.90 787 
9.90 777 
9.90 768 
9.90 759 

9.90 750 
9.90 741 
9.90 731 
9.90722 
9.90 713 

9.90704 
9.90694 
9.90 685 
9.90676 
9.90667 

9.90 657 
9.90 648 
9.90 639 
9.90630 
9.90620 

9.90611 
9.1»002 
9.90 592 
9.90583 
9.90674 

9.90565 
9.90555 
9.90546 
9.90637 
9.90527 

9.90618 
9.90609 
9.90499 
9.90490 
9.90480 

9.90471 
9.90 462 
9.90452 
9.90443 
9.90434 

9.90424 
9.90 415 
9.90405 
9.90 396 
9.90 386 

9.90 377 
9.90 368 
9.90 358 
9.90349 
9.90 339 

9.90 330 
9.90320 
9.90311 
9.90 301 
9.90 292 

9.90282 
9.90 273 
9.90 263 
9.90 254 
9.iX)244 

9.90 235 



9 
10 
9 
9 
9 

9 
10 
9 
9 
9 

10 
9 
9 
9 

10 

9 
9 
9 
10 
9 

9 
10 
9 
9 
9 

10 
9 
9 

10 
9 

9 
10 

9 
10 

9 

9 

10 

9 

9 

10 

9 
10 

9 
10 

9 

9 
10 

9 
10 

9 

10 
9 

10 
9 

10 

9 
10 

9 
10 

9 



60 

59 
58 
67 
66 

66 

64 
63 
62 
61 

60 

49 
48 
47 
46 

46 

44 
43 
42 
41 

40 

39 
38 
37 
36 

86 

34 
33 
32 
31 

80 

29 
28 
27 
26 

26 

24 
23 
22 
21 

20 

19 
18 
17 
16 

16 

14 
13 
12 
11 

10 

9 
8 
7 
6 

6 

4 
3 
2 
1 



Prop. Pte. 





27 


26 


2 


6.4 


5.2 


3 


8.1 


7.8 


4 


10.8 


10.4 


6 


13.5 


13.0 


6 


16.2 


15.6 


7 


18.9 


18.2 


8 


21.6 


20.8 


9 


24.3 


23.4 



18 

3.6 

5.4 

7.2 

9.0 

10.8 

12.6 

14.4 

16.2 



d I LCta Icdl LTaa \ l*^Vn. 





17 


2 


3.4 


3 


6.1 


4 


6.8 


6 


8.6 


6 


10.2 


7 


11.9 


8 


13.6 


9 


16.3 





10 


2 


2.0 


3 


3.0 


4 


4.0 


6 


6.0 


6 


6.0 


7 


7.0 


8 


8.0 


9 


9.0 



16 

3.2 

4.H 

6.4 

8.0 

9.6 

11.2 

12.8 

14.4 



9 

1.8 
2.7 
3.6 
4.5 
6.4 
6.3 
7:2 
8.1 



• From the top : 

For 86°+ or 216°+, 
read as printed; for 
126°+ or 806°+, read 

co-function. 

From the bottom : 

For 58°+ or 288°+, 
read as printed ; for 
148°+ or 828°+, read 
co-function. 



\ 
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ST — Logarithms of Trigonometrie Functions 



83 



J 





1 

2 
3 
4 

6 

6 

7 
8 
9 

10 

11 
12 
13 

14 

16 

16 
17 
18 
19 

20 

21 
22 
23 
24 

25 

26 
27 
28 
29 

80 

31 
32 
33 
34 

86 

36 
37 
38 
39 

40 

41 
42 
43 
44 

45 

46 
47 
48 
49 

50 

51 
52 
53 
54 

55 

56 
57 
58 
59 

60 



LSin 



9.77946 
9.77963 
9.77 980 

9.77 997 

9.78 013 

9.78030 
9.78047 
9.78063 
9.78080 
9.78097 

9.78 113 
9.78 130 
9.78147 
9.78 163 
9.78 180 

9.78 197 
9.78213 
9.78230 
9.78 246 
9.78263 

9.78 280 
9.78296 
9.78 313 
9.78329 
9.78346 

9.78362 
9.78 379 
9.78395 
9.78412 
9.78 428 

9.78446 
9.78461 
9.78478 
9.78494 
9.78510 

9.78527 
9.78543 
9.78560 
9.78576 
9.78 592 

9.78609 
9.78625 
9.78642 
9.78 658 
9.78674 

9.78 691 
9.78 707 
9.78 723 
9.78 739 
9.78 756 

9.78772 
9.78 788 
9.78 805 
9.78821 
9.78 837 

9.78853 
9.78 869 
9.78886 
9.78902 
9.78918 

9.78934 



LCos 



7 
7 
7 
6 
7 

7 
6 
7 
7 
6 

7 
7 
6 
7 
7 

6 
7 
6 
7 
7 
6 
7 
6 
7 
6 

7 
6 
7 
6 
7 

6 
7 
6 
6 
7 

6 
7 
6 
6 

7 

6 
7 

G 
7 

6 
6 
6 
7 
6 

6 
7 
6 
6 
6 

6 
7 
6 
6 
6 



LTan 



i 



9.87 711 
9.87 738 
9.87 764 
9.87 790 
9.87 817 

9.87 843 
9.87 869 
9.87 895 
9.87 922 
9.87 948 

9.87 974 
9.88000 

9.88 027 
9.88053 
9.88079 

9.88105 
9.88 131 
9.88 158 
9.88184 
9.88210 

9.88 236 
9.88262 
9.88289 
9.88315 
9.88 341 

9.88367 
9.88 393 
9.88420 
9.88446 
9.88472 

9.88498 
9.88524 
9.88550 
9.88577 
9.88603 

9.88629 
9.88655 
9.88681 
9.88 707 
9.88733 

9.88759 
9.88 786 
9.88 812 
9.88838 
9.88864 

9.88890- 
9.88916 
9.88942 
9.88 968 
9.88994 

9.89020 
9.89046 
9.89073- 
9.89099 
9.89 125 

9.89 151 
9.89177 
9.89203 
9.89229 
9.89255 

9.89281 



XCtn 



od 



27 
26 
26 
27 
26 

26 
26 
27 
26 
26 

26 
27 
26 
26 
26 

26 
27 
26 
26 
26 

26 
27 
26 
26 
26 

26 
27 
26 
26 
26 

26 
26 
27 
26 
26 

26 
26 
26 
26 
26 

27 
26 
26 
26 
26 

26 
26 
26 
26 
26 

26 
27 
26 
26 
26 

26 
26 
26 
26 
26 



LOtn 



cd 



0.12289 
0.12262 
0.12236 
0.12210 
0.12 183 

0.12 157 
0.12 131 
0.12105 
0.12078 
0.12052 

0.12026 
0.12000 
0.11 973 
0.11 947 
0.11 921 

0.11 895 
0.11 869 
0.11 842 
0.11 816 
0.11 790 

0.11 7(^4 
0.11 738 
0.11711 
0.11685 
0.11 659 

0.11633 
0.11607 
0.11580 
0.11554 
0.11 528 

0.11602 
0.11476 
0.11450 
0.11 423 
0.11397 

0.11 371 
0.11 345 
0.11 319 
0.11293 
0.11 267 

0.11 241 
0.11 214 
0.11 188 
0.11 162 
0.11 136 

0.11 110 
0.11084 
0.11 058 
0.11032 
0.11006 

0.10 980 
0.10 954 
0.10 927 
0.10 901 
0.10876 

0.10 849 
0.10 823 
0.10797 
0.10771 
0.10 746 

0.10 719 



LTan 



LCos 



9.90235 
9.90225 
9.90216 
9.90206 
9.90197 

9.90187 
9.90178 
9.90168 
9.90 159 
9.90 149 

9.90139 
9.90 130 
9.90120 
9.90111 
9.90 101 

9.90091 
9.90082 
9.90072 
9.90063 
9.90063 

9.90043 
9.90034 
9.90024 
9.90014 
9.90005 

9.89 9J)5 
9.89985 
9.89 976 
9.89966 
9.89956 

9.89 947 
9.89937 
9.89927 
9.89918 
9.89908 

9.89898 
9.89888 
9.89879 
9.89869 
9.89859 

9.89849 
9.89840 
9.89830 
9.89 820 
9.89 810 

9.89 801 
9.89791 
9.89781 
9.89 771 
9.89761 

9.89752 
9.89 742 
9.89732 
9.89 722 
9.89712 

9.89 702 
9.89693 
9.89683 
9.89673 
9.89663 

9.89653 



60 

59 
58 
57 
56 

56 

64 
63 
52 
51 

60 

49 
48 
47 
46 

46 

44 
43 
42 
41 

40 

39 
38 
37 
36 

36 

34 
33 
32 
31 

30 

29 
28 
27 
26 

26 

24 
23 
22 
21 

20 

19 
18 
17 
16 

16 

14 
13 
12 
11 

10 

9 
8 
7 
6 

5 

4 
3 
2 
1 





L^Vn \ ^\ » 



Prop. PtB. 





27 


26 


2 


5.4 


6.2 


3 


8.1 


7.8 


4 


10.8 


10.4 


5 


13.6 


13.0 


6 


16.2 


16.6 


7 


18.9 


18.2 


8 


21.6 


20.8 


9 


24.3 


23.4 



17 

3.4 

5.1 

6.8 

8.6 

10.2 

11.9 

13.6 

15.3 





16 


10 


2 


3.2 


2.0 


3 


4.8 


3.0 


4 


6.4 


4.0 


6 


8.0 


5.0 


6 


9.6 


6.0 


7 


11.2 


70 


8 


12.8 


8.0 


9 


14.4 


9.0 



9 

1.8 
2.7 
3.6 
4.5 
5.4 
6.3 
7.2 
8.1 



From the top : 

For37°+or217°+, 
read as printed; for 
127*^+ or 307°+, read 
co-function. 

From the bottom : 

For 62°+ or 232°+, 
read as printed ; for 
142°+ or 822°+, read 
co-function. 
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T— Radian Measure — Trigonometric Functions 



[V 



I 


\ 


Sinoi; 


Cos ao 


Tanas 


1 


.00 


.00000 


1.0000 


.00000 


0°00'.0 


.01 
.02 
.03 


.01000 
.02000 
.03000 


.99995 
.99980 
.99955 


.01000 
.02000 
.03001 


0^34' .4 
P08'.8 
1°43M 


.04 
.05 
.06 


.03999 
.04998 
.05996 


.99920 
.99875 
.99820 


.04002 
.05004 
.06007 


2°17'.5 
2'?51'.9 
3° 26' .3 


.07 
.08 
.09 


.06994 
.07991 
.08988 


.99755 
.99680 
,99595 


.07011 
.08017 
.09024 


4°00'.6 
4°35'.0 
5° 09' .4 


.10 


.09983 


.99500 


.10033 


5° 43' .8 


.11 
.12 
.13 


.10978 
.11971 
.12963 


.99396 
.99281 
.99156 


.11045 
.12058 
.13074 


6° 18' .2 
6° 52'. 5 
7° 26' .9 


.14 
.16 

.16 


.13954 
.14944 
.15932 


.99022 
.98877 
.98723 


.14092 
.15114 
.16138 


8° 01 '.3 
8° 35'. 7 
9°10'.0 


.17 
.18 
.19 


.16918 
.17903 

.18886 


.98558 
.98384 
.98200 


.17166 
.181irr 
.1<)232 


9° 44' .4 

10° 18'.8 
10° 53' .2 


.20 


.19867 


.98007 


.20271 


11° 27' .5 


.21 
.22 
.23 


.20846 
.21823 
.22798 


.97803 
.97590 
.97367 


.21314 
.22362 
.23414 


12°01'.9 
12° 36'. 3 
13° 10'.7 


.24 
.25 
.26 


.23770 
.24740 
.25708 


.97134 
.96891 
.96639 


.24472 
.25534 
.26602 


13°45'.l 
14° 19' .4 
14° 53' .8 


.27 
.28 
.29 


.26673 
.27636 
.28595 


.96377 
.96106 
.95824 


.27676 
.28755 
.29841 


15° 28'. 2 
16°02'.6 
16° 36'. 9 


.80 


.29552 


.95534 


.30934 


17° 11 '.3 


.31 
.32 
.33 


.30506 
.31457 
.32404 


.95233 
.94924 
.94604 


.32033 
.aS139 
.34252 


17°45'.7 
18°20'.l 
18° 54' .5 


.34 
.35 
.36 


,33349 
.34290 
.35227 


.94275 
.93937 
.93590 


.35374 
.36503 
.37640 


19° 28' .8 
20° 03'. 2 
20°37'.6 


.37 
.38 
.39 


.36162 
.37092 
.38019 


.93233 
.92866 
.92491 


.38786 
.39941 
.41106 


21°12'.0 
21° 46'. 3 
22° 20'. 7 


.40 


.38942 


.92106 


.42279 


22°55'.l 


.41 
.42 
.43 


.39861 
.40776 
.41687 


.91712 
.91309 
.90897 


.43463 
.44(}57 
.45862 


23° 29' .5 
24° 03'. 9 
24° 38'. 2 


.44 
.45 
.46 


.42594 
.43497 
.44395 


.90475 
.90045 
.89605 


.47078 
.48305 
.49546 


25° 12'.6 
25°47'.0 
2t)°21'.4 


f .471.452891 

.48 .461781 

•49 .470631 


.89157 
.88699 
.88233 


.50795 
.52061 
.53339 


26°55'.T , 
27°30'.l\ 

28° 04' .5^ 




.soj.i 


i7943\ 


.87768 


.54630 


|28<^38'.^ 



.60 



.51 
.52 
.53 

.54 
.55 
.56 

.57 
.68 
.69 



.60 



.61 
.62 
.63 

.64 
.65 
.66 

.67 
.68 
.69 



.70 



.71 
.72 
.73 

.74 
.75 
.76 

.77 
.78 
.79 



.80 



.81 
.82 
.83 

.84 
.85 
.86 

.87 
.88 
.89 



.90 



.91 
.92 
.93 

.94 
.95 
.96 



Sin a; 



.57287 
58104 
58914 

69720 
60519 
61312 

62099 
62879 
&%54 



47943 



48818 
49688 
50553 

51414 
52269 
63119 

53963 
64802 
65636 



66464 



64422 



66183 
66938 
66687 

67429 
68164 
68892 

69614 
70328 
71036 



71736 



72429 
73115 
73793 

74464 
75128 
76784 

76433 
77074 
77707 



78333 




78950 
79560 
80162 

80756 
81342 
81919 

82489 



Cos 



X 



.87758 



.87274 
.86782 
.86281 

.85771 
.85252 
.84726 

.84190 
.83646 

mm 



.82534 



.81966 
.81388 
.80803 

.80210 
.79f)08 
.78999 

.78382 
.77757 
.77126 



.76484 



.75836 
.75181 
.74517 

.73847 
.73169 
.72484 

.71791 
.71091 
.70385 



.69671 



.68950 
.68222 
.67488 

.66746 
.65998 
.65244 

.64483 
.63716 
.62941 



.62161 



.61376 
.60582 
.59783 

.58979 
.68168 
.67352 

.66630 
.^TQ2 



Tan 



ac 



.64630 



.56936 
.67256 
.58692 

.59943 
.61311 
.62696 

.64097 
.65517 
.66956 



.68414 



.69892 
.71391 
.72911 

.74464 
.76020 
.77610 

.79226 
.oOooo 
.82533 



.84229 



.85953 
.87707 
.89492 

.91309 
.93100 
.95066 

.96967 
.98926 
1.0092 



1.0296 



1.0505 
1.0717 
1.0934 

1.1156 
1.1383 
1.1616 

1.1863 
1.2097 
1.2346 



1.2602 



1.2864 
1.3133 
1.3409 

1.3692 
1.3984 
1.4284 

1.4592 
1.4910 



.tiisafe^\\K125V 



I 



28° 38' .9 



29° 13' .3 
29°47'.6 
30°22'.0 

30°66'.4 
31°30'.8 
32°06'.l 

32°39'.5 
as° 13'.9 
33°48'.3 



34°22'.6 



34°67'.0 
36°31'.4 
36°05'iJ 

36°40'.2 
37° 14'.5 
37°48'.9 

38°23'.3 
38<> 67'.7 
39°32'.0 



4O°06'.4 



40° 40' .8 
41°15'.2 
41°49'.6 

42° 23' .9 
42°68'.3 
43°32'.7 

44°07'.l 
44°41'.4 
46° 15'.8 



46°50'.2 



46°24'.6 
46°69'.0 
47° 33' .3 

48° 07' .7 
48°42'.l 
49° 16'.5 

49°50'.8 
50°25'.2 
50° 59' .6 



51°34'.0 



62°08'.3 
62°42'.7 
63°17'.l 

63°51'.6 
64° 25'.9 
66°00'.2 

66° 34'.6 
66°O9'.0 
.t«P4S'A 
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1 

8 


Sin 00 


Cos 09 


Tan 09 


Equivalent 

of 09 


1.00 


.84147 


.64030 


1.5674 


67° 17'. 7 


1.01 
1.02 
1.03 

1.04 
1.05 
1.06 

1.07 
1.08 
1.09 


.84683 
.85211 
.85730 

.86240 
.86742 
.87236 

.87720 
.88196 
.88663 


.53186 
.52337 
.51482 

.60622 
.49757 
.48887 

.48012 
.47133 
.46249 


1.5922 
1.6281 
1.6652 

1.7036 
1.7433 
1.7844 

1.8270 
1.8712 
1.9171 


•67°52'.l 
58° 26' .6 
59° 00' .9 

59° 35' .3 
60° 09'. 6 
60°44'.0 

61° 18' .4 
61°52'.8 
62°27'.l 


1.10 


.89121 


.45360 


1.9648 


63°01'.5 


1.11 
1.12 
1.13 

U4 
1.15 
1.16 

1.17 
1.18 
U9 


.89570 
.90010 
.90441 

.90863 
.91276 
.91680 

.92076 
.92461 
.92837 


.44466 
.43568 
.42666 

.41759 
.40849 
.39934 

.39015 
.38092 
.37166 


2.0143 
2.0660 
2.1198 

2.1759 
2.2345 
2.2958 

2.3600 
2.4273 
2.4979 


6.r35'.9 
()4°10'.3 
64° 44'. 7 

65°19'.0 
65° 53' .4 
66°27'.8 

67° 02'. 2 
67° 36' .5 
68° 10' .9 


1.20 


.93204 


.36236 


2.5722 


68° 45' .3 


1.21 
1.22 
1.23 

1.24 
1.25 
1.26 

1.27 
1.28 
1.29 


.93562 
.93910 
.94249 

.94578 
.94896 
.95209 

.95510 
.95802 

.0uUo4 


.35302 
.34365 
.33424 

.32480 
.31632 
.30682 

.29628 
.28672 
.27712 


2.6503 
2.7328 
2.8198 

2.9119 
3.0096 
3.1133 

3.2236 
3.3413 
3.4672 


69° 19' .7 
69°54'.l 
70° 28'. 4 

71° 02'. 8 
71° 37'. 2 
72° 11'.6 

72°45'.9 
73°20'.3 
73° 54' .7 


1.80 


.96356 


.26760 


3.6021 


74°29'.l 



t 

e 

8 


Sin 09 


Gob 09 


Tana; 




1.80 


.9635<J .26750 


3.6021 


74°29'.l 


1.31 
1.32 
1.33 

1.34 
1.35 
1.36 

1..37 
1..38 
1.39 

1.40 


.96618 
.9f)872 
.97115 

.97572 
.97786 

.97991 
.98185 
.<)8.370 


.25785 
.24818 
.23848 

.22875 
.21901 
.20924 

.19945 
.18964 
.17981 


3.7470 
3.9033 
4.0723 

4.2556 
4.4r)52 
4.6734 

4.9131 
6.1774 
5.4707 


75° 03' .4 
75°37'.8 
76° 12' .2 

76° 46' .6 
77°21'.0 
77° 55' .3 

78°29'.7 
79°04'.l 
79° 38' .5 


.98545 


.16997 


5.7979 


80° 12' .8 


1.41 
1.42 
1.43 

1.44 
1.46 
1.46 

1.47 
1.48 
1.49 


.98710 
.98865 
.99010 

.99146 
.99271 
.99387 

.99492 
.99588 
.99674 


.16010 
.15023 
.14033 

.13042 
.12050 
.11057 

.10063 
.09067 
.08071 


6.1654 
6.5811 
7.0555 

7.6018 
8.2381 
8.9886 

9.8874 
10.983 
12.350 


80°47'.2 
81° 21'.6 
81°66'.0 

82° 30' .4 
83° 04' .7 
83°39'.l 

84° 13'. 5 
84°47'.9 
85° 22' .2 


1.60 


.99749 


.07074 


14.101 


85° 56' .6 


1.51 
1.52 
1.53 

1.54 
1.55 
1.56 

1.57 
1.58 
1.59 


.99815 
.99871 
.99917 

.99953 
.iK)978 
.99994 

1.0000 
.99996 
.99982 


.06076 
.05077 
.04079 

.03079 
.02079 
.01080 

.00080 
-.00920 
-.01920 

-.02920 


16.428 
19.670 
24.498 

32.461 
48.078 
92.621 

1256.8 
-108.65 
-52.067 


86°31'.0 
87° 05'. 4 
87° 39' .8 

88°14'.l 
88° 48'. 5 
89° 22' .9 

89° 67' .3 
90°31'.6 
91°06'.0 


1.60 


.99957 


-34.233 


91° 40' .4 



ir radians = 180° v = 3.14169265 

1 radian = 67° 17' 44".806 = 67.° 2957795 
3600" = 60' = 1° = .01746329 radian 



TABLE V a — RADIANS TO DEGREES 



z 



1 

2 
8 
4 
6 
6 
7 
8 
9 



I 



Badianb 



57°17'44".8 
114°36'29".6 
171°53'14".4 
229°10'69".2 
286°28'44".0 
343°46'28".8 
401° 4'13".6 
468°21'58".4 
B15°39'43'\3 



I 



Tkwthb 



5°4;r46".5 
11°27'33".0 
17°ll'19".4 
22°55'05".9 
28°38'52".4 
34°22'38".9 
40° 6'25".4 

51°33'5S".3 



Hundredths 



0°34'22".6 
1° 8'45".3 
1°43'07".9 
2°17'30".6 
2°51'53".2 
3°26'15".9 
4° 0'38".5 
4°35'01".2 
6° 9'23".8 



Thousandths 



0° 3'26".3 
0° 6'52".6 
0°10'18".8 
0°13'45".l 
0°17'11".3 
0°20'37".6 
0°^'03".9 



Ten-tuousandthb 



0° 
0° 
0° 
0° 
0° 



0'20".6 
0'41".3 
1'01".9 
1'22".5 
l'43".l 
0° 2'03".8 
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Table VI- 


- Powers — Boots — Reciprocals 


[VI 


n 


n2 


y/n 




n^ 


</n 






1/n 


VlOn 


^10 n 


</100n 


1.00 


1.0000 


1.00000 


3.16228 


1.00000 


1.00000 


2.15443 


4.64159 


1.00000 


1.01 
1.02 
1.03 

1.04 
1.05 
1.06 

1.07 
1.08 
1.09 


1.0201 
1.0404 
1.0609 

1.0816 
1.1025 
1.1236 

1.1449 
1.1664 
1.1881 


1.00499 
1.00995 
1.01489 

1.01980 
1.02470 
1.02966 

1.03441 
1.03923 
1.04403 


3.17805 
3.19374 
3.20936 

3.224<K) 
3.24037 
3.26576 

3.27109 
3.286:M 
3.30151 


1.03030 
1.06121 
1.09273 

1.12486 
1.15762 
1.19102 

1.22504 
125971 
1.29503 


1.00332 
1.00662 
1.00990 

1.01316 
1.01640 
1.01961 

1.02281 
1.0259i) 
1.02914 


2.16159 
2.16870 
2.17577 

2.18279 
2.1-8976 
2.19669 

2.20358 
2.21042 
2.21722 


4.65701 
4.67233 
4.68755 

4.70267 
4.71769 
4.73262 

4.74746 
4.76220 
4.77686 


.990099 
.980392 
.970874 

.961538 
.952381 
.943396 

.934579 
.925926 
.917431 


1.10 


1.2100 


1.04881 


3.31662 


1.33100 


1.03228 


2.22398 


4.79142 


.909091 


1.11 
1.12 
1.13 

1.14 
1.15 
1.16 

1.17 
1.18 
1.19 


1.2321 
1.2544 
1.2769 

1.2996 
1.3225 
1.3456 

1.3689 
1.3924 
1.4161 


1.05357 
1.058:W 
1.06.W1 

1.06771 
1.07238 
1.07703 

1.08167 . 

1.08628 

1.09087 


3.33107 

3.36155 

3.37639 
3.39116 
3.40588 

3.42053 
3.41^11 
3 441X14 


1.36763 
1.40493 
1.44290 

1.48154 
1.52088 
1.56090 

1.60161 
1.64303 
1.68516 


1.03540 
1.0:3850 
1.04158 

1.04464 
1.04769 
1.05072 

1.05373 
1.05672 
1.05970 


2.2,S070 
2.23738 
2.24402 

2.25062 
2.25718 
2.26370 

2.27019 
2.27664 
2.28:305 


4.80590 
4.82028 
4.83459 

4.84881 
4.86294 
4.87700 

4.89097 
4.90487 
4.91868 


.900901 
.892857 
.884966 

.877193 
.869565 
.862069 

.864701 
.847458 
.840336 


1.20 


1.4400 


1.09546 


3.4<H10 


1.72800 


1.062()6 


2.28943 


4.93242 


.833333 


1.21 
1.22 
1.23 

1.24 
1.25 
1.26 

1.27 

1.28 
1.29 


1.4641 
1.4884 
1.5129 

1.5376 
1.5625 
1.5876 

1.6129 
1.6384 
1.6641 


1.10000 
1.10454 
1.10905 

1.11355 
1.11803 
1.12250 

1.12694 
1.13137 
1.13578 


3.47851 
3.49285 
3.50714 

3.62136 
3.53553 
3.54965 

3.50371 
3.57771 
3.591(>6 


1.77156 
1.81585 
1.86087 

1.90662 
1.95312 
2.00038 

2.04838 
2.09715 
2.14669 


1.0(>5(K). 

1.068.53 

1.07144 

1.07434 
1.07722 
1.08008 

1.08293 
1.08577 
1.08859 


2.29577 
2.30208 
2.30835 

2.31459 
2.32079 
2.32697 

2.33311 
2.33921 
2.34529 


4.94609 
4.95968 
4.97319 

4.98(i63 
5.00000 
5.01330 

5.02653 

5.03968 
5.a5277 

5.06580 


.826446 
.819672 
.813008 

.806452 
.800000 
.793661 

.787402 
.781250 
.775194 


1.30 


1.6900 


1.14018 


3.60.555 


2.19700 


1.09139 


2.35133 


.769231 


1.31 
1.32 
1.33 

1.34 
1.35 
1.36 

1.37 
1.38 
1.39 


1.7161 
1.7424 
1.7689 

1.7956 
1.8226 
1.8496 

1.8769 
1.9044 
1.9321 


1.144.55 
1.14891 
1.15326 

1.15758 
1.16190 
1.16619 

1.17047 
1.17473 
1.17898 


3.61939 
3.63318 
3.64692 

3.66060 
3.67423 
3.68782 

3.70135 
3.71484 
3.72827 


2.24809 
2.29<H)7 
2.35264 

2.40610 
2.4()038 
2.51546 

2..57135 
2.()2807 
2.68.562 


1.09418 
1.096iH) 
1.09972 

1.10247 
1.10521 
1.10793 

1.11064 
1.11334 
1.11602 


2.357:35 
2.36333 
2.36928 

2.37521 
2.38110 
2.38697 

2.39280 
2.398(U 
2.40439 


5.07875 
5.09164 
6.10447 

6.11723 
5.12993 
5.14256 

5.15514 
6.16765 
5.18010 


.763359 
.757576 
.751880 

.746269 
.740741 
.736294 

.729927 
.724638 
.719424 


1.40 


1.9600 


1.18322 


3.74166 


2.74400 


1.118(59 


2.41014 


5.19249 


.714286 


1.41 
1.42 
1.43 

1.44 
1.46 
1.46 

1.47 
1.-48 
1.49 


1.9881 
2.01(i4 
2.0449 

2.0736 
2.1025 
2.1316 

2.1609 
2.1904 
2.2201 


1.18743 
1.19164 
1.19583 

1.20000 
1.20416 
1.20830 

1.21244 
1.21655 
1.22066 


3.75500 
3.7682<) 
3.78153 

3.79473 
3.80789 
3.82099 

3.83406 
3.84708 
3.86005 


2.80:^>22 
2.8(i'V29 
2.92421 

2.9a598 
3.04862 
3.11214 

3.17652 
3.24179 
3.30795 


1.12135 
1.12.3iH) 
l.VMi2 

i.mm 

113185 
1.13445 

1.13703 
1.13900 
1.14216 


2.41587 
2A2im 
2.42724 

2.43288 
2.43850 
2.44409 

2.44966 
2.45520 
2.46072 


5.20483 
5.21710 
5.22932 

5.24148 
5.25359 
5.26564 

6.27763 
5.28957 
5.30146 


.709220 
.704225 
.699301 

.694444 
.689655 
.684932 

.680272 
.675676 
.671141 


1.50 


2.2500 


1.22474 


3.87298 


3.37500 


1.14471 


2.46621 


5.31329 


.666607 


n 


n2 


Vn 




n^ 


e/n 




■ 


1/n 


VlOn 


^10 n 


^100 n 



VIj 




Powers — Roots — 


Reciprocals 




9/j 


i 


n 


fi« 


y/a 




M' 


</n 


^10 n 

2.4<>621 


^100 n 


1/n 




VlOn 




1.50 


2.2500 


1.22474 


3.87298 


3.37500 


1.14471 

1.14725 
1.14978 
1.15230 

1.154H0 
1.15729 
1.15irr8 

1.16225 
1.1(>471 
1.16717 

1.16961 


5.313-29 


A^mm 




1.51 
1.52 
1J53 

1.54 
1J» 
IM 

1J57 
IJiS 
1.59 


2.2801 
2.3104 
2.3i09 

2.3716 
2.4025 
2.4336 

2.4649 
2.4964 
2.5281 


1.22882 
1.23288 
1.23693 

1.24097 
1.24499 
1.24900 

1.25300 
1.25698 
1.28095 


3.885K7 
3.89872 
3.91152 

3.92428 
3.93700 
3.94968 

3.96232 
3.97492 
3.JW48 


3.44295 
3.51181 
3.58168 

3.65226 
3.72388 
3.79642 

3.86989 
3.94431 
4.0H)H8 


2.47U» 
2.47712 
2.48255 

2.48794 
2.49;«2 
2.49867 

2.50.399 

2.noim 

2.51458 


5.32607 
5.33680 
5.34848 

5.37169 
5.38321 

5..394()9 
5.40612 
5.41750 


.662252 
.657895 
.653595 

.649351 
.645161 
.64102f> 

.6.36943 
.()32911 
.6289.31 




1.60 


2.5600 


1.26491 


4.00000 


4.09(K)0 


2.51984 


5.42884 


.625000 




1.61 
1.62 
1.63 

1.64 
!.(» 
1.66 

1.67 
1.68 
1.69 


2.5921 
2.6244 
2.6569 

2.6896 
2.7226 
2.7566 

2.7889 
2.8224 
2.8561 


1.26886 
1.27279 
1.27671 

1.28062 
1.28452 
1.28841 

1.29228 
1.29615 
1.30000 


4.01248 
4.0241»2 
4.03733 

4.049(}9 
4.0(;2U2 
4.074:U 

4.08<»56 
4.0<W78 
4.110tiH 

4.12.S11 

4.i:»2i 

4.14729 
4.15933 

4.171.33 
4.18:iX) 
4.1iM(24 

4.20714 
4.21*100 
4.2;i084 


4.17.328 
4.25153 
4.a3075 

4.41094 
4.41R212 
4.57430 

4.65746 
4.74163 
4.82681 

4.91300 

5.00021 
5.08845 
5.17772 

5.26802 
5..'i5938 
5.45178 

5.54523 
5.(>3975 
5.7:«.34 


1.17204 
1.17446 
1.17687 

1.17927 
1.18167 
1.18405 

1.18(>42 
1.18878 
1.19114 


2.52508 
2.5.30.30 
2.5.3549 

2.54a»7 
2.,'>4.'582 
2.55095 

2.55607 
2.,5()116 
2.5()62:J 

2.57128 


5.44012 
5.45136 
5.46256 

5.47370 
5.48481 
5.49586 

6.50688 
5.51785 
6.52877 

5.5.')966 


.621118 
.617284 
.(>13497 

.609756 
.606061 
.602410 

.598802 
.595238 
.591716 




1.70 


2.8900 


1.30384 


1.19.348 


.5882a') 




1.71 
1.72 
1.78 

1.74 
1.76 
1.76 

1.77 
1.78 
1.79 


2.9241 
2.9584 
2.9929 

3.0276 
3.0625 
3.0976 

3.1329 
3.1684 
3.2041 


1.30767 
1.31149 
1.31529 

1.31909 
1.32288 
1.32665 

1.33041 
1.33417 
1.33791 


1.19582 
1.19815 
1.20046 

1.20277 
1.20507 
1.20736 

1.20964 
1.2\V.¥2 
1.21418 


2.57()31 
2.58K« 
2.58632 

2.«a29 
2.51M)25 
2.60118 

2.60610 
2.61100 
2.61588 


5.55050 
5.5()130 
5.57205 

5.58277 
5.59:H4 
5.60408 

5.61467 
5.62,')23 
5.^3574 

5.(>4<)22 


.584795 
.581.395 
.578035 

.574713 
.571429 
.568182 

..')64972 
..561798 
.558669 




1.80 


3.2400 


1.34164 


4.24264 


5.83200 


1.21644 


2.62074 


.555.556 




1.81 
1.82 
1.83 

1.84 
1.86 
1.86 

1.87 
1.89 


3.2761 
3.3124 
3.3489 

8.3856 
3.4225 
3.4696 

3.4969 
3.5344 
3J5721 


1.34536 
1.34907 
1.35277 

1.35647 
1.36015 
1.36382 

1.36748 
1.37113 
1.37477 


4.2r441 
4.26(n5 
4.27785 

4.28952 
4.30116 
4.31277 

4.32435 
4.33590 
4.34741 


5.92974 
6.02857 
6.12849 

6.22960 
6.33162 
6.43486 

6.5.3920 
6.64467 
6.75127 


1.21 8()9 
1.22093 
1.22316 

1.22.5:^9 
1.227(i0 
1.22981 

1.23201 
1.23420 
1.23639 


2.62559 
2.6:1041 
2.6;V»2*.>, 

2.64001 
2.64479 
2.641*54 

2.65428 

2.6rmi 

2.(U>371 


5.(>56(i5 

5.67741 

5.68773 
5.6iW02 
5.70827 

5.71848 
5.72865 
5.73879 

5.74890 


.552486 
.549451 
.546448 

.543478 
.540.541 
.537634 

.534759 
.531915 
.529101 




1.90 


3.6100 


1.37840 


4.a''.890 


e.a^aoo 


1.2:«56 


2.66840 

2.()7;W 
2.()7773 
2.()8237 

2.68700 
2.691(51 
2.69620 

2.70078 
2.7a534 
2.70989 


.526316 




1.91 
1.92 
1.93 

1.94 
1.95 
1.96 

i.9r 

1.98 
1.99 


3.6481 
3i$864 
3.7249 

3.7696 
3.8026 
3.8416 

3.8809 
3.9204 
3.9601 


1.38203 
1.38564 
1.38924 

1.39284 
1.39642 
1.40000 

1.40367 
1.40712 
1.41067 


4.37a35 
4.:^8178 
4.39318 

4.40454 
4.41588 
4.42719 

4.4,3847 
4.44972 
4.4(X)()4 


6.96787 
7.07789 
7.18906 

7.30138 
7.41488 
7.62954 

7.64537 
7.76239 
7.88060 


1.24073 
1.24289 
1.24.503 

1.24719 
1.24933 
1.25146 

1.23:^)9 
1.25571 
1.25782 


5.75897 
5.76900 
5.77900 

5.78896 
5.79889 
5.80879 

5.818()5 
5.82848 
5.83827 


.523560 
.520833 
.518135 

.515404 
.512821 
.510204 

.507614 
.505051 
.502513 




2.00 


4.0000 


1.41421 


4.47214 


8.00000 


1.25992 


2.71442 


5.84804 


.500000 




n 


n^ 


y/n 




n8 


</n 


i <mn 








VlOn 


^^V^t\ 


V M^ 


k 



96 



Powers — Roots — Reciprocals 



m 



/ 



n 


n2 


Vn 




n8 


^ 






1/n 


VlOn 


^10 n 


</lWn 


2.00 


4.0000 


1.41421 


4.47214 


8.00000 


1.25992 


2.71442 


6.84804 


.600000 


2.01 
2.02 
2.03 

2.04 
2.06 
2.06 

2.07 
2.08 
2.09 


4.0401 
4.0804 
4.1209 

4.1016 
4.2025 
4.2436 

4.2849 
4.3264 
4.3681 


1.41774 
1.42127 
1.42478 

1.42829 
1.43178 
1.43627 

1.43876 
1.44222 
1.44668 


4 48330 
4.49444 
4.60656 

4.51664 
4.62769 
4.63872 

4.64973 
4.66070 
4.67165 


8.12060 
8.24241 
8.36543 

8.48966 
8.61512 
8.74182 

8.86974 
8.99891 
9.12933 


1.26202 
1.26411 
1.26619 

1.26827 
1.27033 
1.27240 

1.27445 
1.27650 
1.27854 


2.71893 
2.72344 
2.72792 

2.73239 
2.73()86 
2.74129 

2.74672 
2.76014 
2.76464 


5.85777 
6.86746 
6.87713 

6.88677 
6.89637 
6.90694 

6.91548 
5.92499 
6.93447 


.497512 
.495060 
.492611 

.490196 
.487805 
.486437 

.483092 

.480769 

. .478469 


2.10 


4.4100 


1.44914 


4.68268 


9 26100 


1.28068 


2.76892 


5.94392 


. .476190 


2.11 
2.12 
2.13 

2.14 
2.15 
2.16 

2.17 
2.18 
2.19 


4.4521 
4.4944 
4.5369 

4.5796 
4.6225 
4.6656 

4.7089 
47524 
4.7961 


1.45258 
1.45602 
1.45945 

1.46287 
1.46629 
1.46969 

1.47309 
1.47Q48 
1.47986 


4.59347 
4.60435 
4.61519 

4.62601 
4.63681 
4.64758 

4.65833 
4.66906 
4.67974 


9.39393 
9.52813 
9.663fi0 

9.80034 
9.938:« 
10.0777 

10.2183 
10.3602 
10.6035 


1.28261 
1.28463 
1.28665 

1.28866 
1.29066 
1.29266 

1.29466 
1.29664 
1.29862 


2.76330 
2.76766 
2.77200 

2.77633 
2.78065 
2.78495 

2.78924 
2.79362 
2.79779 


5.96334 
5.96273 
5.97209 

5.98142 
6.99073 
6.00000 

6.00925 
6.01846 
6.02766 


.473934 
.471698 
.469434 

.467290 
.465116 
.462963 

.460829 
.458716 
.456621 


2.20 


4.8400 


1.48324 


4.6<)at2 


10.6480 


1.30069 


2.80204 


6.03681 


.454545 


2.21 
2.22 
2.23 

2.24 
2.25 
2.26 

2.27 
2.28 
2.29 


4.8841 
4.9284 
4.9729 

5.0176 
5.0626 
5.1076 

5.1529 
5.2441 


1.48661 
1.48997 
1.49332 

1.49666 
1.50000 
1.50333 

1.60666 
1.60997 
1.51327 


4.70106 
4.71169 
4.72229 

4.73286 
4.74342 
4.76395 

4.76446 
4.77493 
4.78539 


10.7939 

. 10.9410 

11.0896 

11.2394 
11.3906 
11.6432 

11.6971 
11.8524 
12.0090 


1.30266 
1.30462 
1.30648 

1.30843 
1.31037 
1.31231 

1.31424 
1.31617 
1.31809 


2.80628 
2.81050 
2.81472 

2.81892 
2.82311 
2.82728 

2.83145 
2.83560 
2.83974 


6.04694 
6.06605 
6.06413 

6.07318 
6.08220 
6.09120 

6.10017 
6.10911 
6.11803 


.462489 
.450460 
.448430 

.446429 
.444444 
.442478 

.440629 
.438596 
.496681 


2.30 


6.2900 


1.51658 


4.79583 


12.1670 


1.32001 


2.84387 


6.12693 


.434783 


2.31 
2.32 
2.33 

2.34 
2.36 
2.36 

2.37 
2.38 
2.39 


5.3361 
6.3824 
5.4289 

5.4756 
5.5225 
5.5696 

5.6169 
6.6644 
5.7121 


1.61987 
1.62316 
1.52643 

1.62971 
1.53297 
1.53623 

1.63948 
1.54272 
1.64696 


4.80()25 
4.81664 
4.82701 

4.83736 
4.84768 
4.85798 

4.86826 
4.87852 
4.88876 


12.3264 
12.4872 
12.6493 

12.8129 
12.9779 
13.1443 

13.3121 
13.4813 
13.6519 


1.32192 
1.32382 
1.32572 

1.32761 
1.32960 
1.33139 

1.33326 
1.33514 
1.33700 


2.84798 
2.86209 
2.86618 

2.86026 
2.86433 
2.86838 

2.87243 
2.87646 
2.88049 


6.13579 
6.14463 
6.15345 

6.162?4 
6.17101 
6.17976 

6.18846 
6.19716 
6.20582 


.432900 
.431034 
.429186 

.427350 
.425632 
.423729 

.421941 
.420168 
.418410 


2.40 


6.7600 


1.64919 


4.89898 


13.8240 


1.33887 


2.88450 


6.21447 


.416667 


2.41 
2.42 
2.43 

2.44 
2.45 
2.46 

2.47 
2.48 
2.49 


5.8081 
5.8564 
6.9049 

6.9536 
6.0025 
6.0516 

6.1009 
6.1604 
6.2001 


1.55242 
1.56563 
1.55886 

1.66206 
1.56526 
1.56844 

1.67162 
1.57480 
1.57797 


4.90918 
4.91936 
4.92950 

4.93964 
4.94976 
4.96984 

4.96991 
4.97996 
4.98999 


13.9975 
14.1725 
14.3489 

14.5268 

14.7061 

, 14.8869 

16.0692 
16.2630 
15.4382 


1.34072 
1.34257 
1.34442 

1.34626 
1.34810 
1.34993 

1.36176 
1.36358 
1.35640 


2.88860 
2.89249 
2.89647 

2.90044 
2.90439 
2.90834 

2.91227 
2.91620 
2.92011 


6.22308 
6.23168 
6.24026 

6.24880 
6.25732 
6.26083 

6.27431 
6.28276 
6.29119 


.414988 
.4i:i228 
.411023 

.409636 
.408163 
.406604 

.404856 
.403226 
.401606 


2.60 


6.2500 


1.58114 


6.00000 


15.6250 


1.35721 


2.92402 


6.29961 


.400000 


n 1 


n^ 


y/n 




I \ -^ 
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n 


n^ 


va 




16.6260 


l.:i5721 

1.35902 
1.36082 
l.;^6262 

1.36441 
1.36620 
1.36798 

1.36976 
1.37163 
1.37330 






1/n 


V10» 


</10n 


<^100n 


8.60 


6.2600 


1.58114 


5.00000 


2.92402 


6.291«l 


.400000 


2.51 
2.52 
2.53 

2.54 
2.55 
2.56 

2.57 
2.58 
2.59 


6.3001 
6.3504 
6.4009 

6.451(> 
6.5025 
6.5536 

6.6049 
6.65^ 
6.7081 


1.58430 
1.68745 
1.59060 

1.59374 
1.69687 
1.60000 

1.60;n2 
1.60624 


5.0099{) 
6.019JK) 
6.02yi»l 

5.a'5d84 
5.04976 
6.06964 

6.06952 
6.07937 
6.08920 


16.8133 
16.(X)30 
1().1943 

16.3871 
16.6814 
16.7772 

16.9746 
17.1736 
17.;3740 


2.92791 
2.93179 
2.93567 

2.9,3963 
2.94;i:« 
2.94723 

2.96106 
2.a5488 
2.95869 


6.30799 
6.31636 
6.32470 

6.33303 
6.34133 
6.34960 

6.35786 
6.36610 
6.37431 


.398406 

.396825 

-.396267 

.393701 
.392167 
.390625 

.389106 
.387697 
.386100 


8.60 


6.7600 


1.61246 


5.09902 

6.10882 
6.11869 
5.12835 

5.13809 
5.14782 
5.16762 

6.16720 
5.17687 
6.18662 


17.6760 


1.37507 


2.9(5250 


6.:«250 


.384615 


2.61 
2.62 
2.63 

2.64 
2^ 
2.66 

2.67 
2.68 
2.69 


6.8121 
6.8644 
6.9169 

6.9696 
7.0225 
7.0766 

7.1289 
7.1824 
7.2361 


1.61665 
1.61864 
1.62173 

1.62481 
1.62788 
1.63096 

1.63401 
1.63707 
1.64012 


17.7796 
17.9847 
18.1914 

18.3997 

is.mm 

18.8211 

19.a342 
19.2488 
19.4661 


1.37683 
1.37869 
1.38034 

1.38208 
1.^^838;^ 
1.38667 

1.38730 
1.38903 
1.3iK)76 


2.96629 
2.97007 
2.97385 

2.97761 
2.98137 
2.98611 

2.98886 
2.99257 
2.99()29 


6.39068 
6.39883 
6.40696 

6.41507 
6.42316 
6.43123 

6.43<e8 
6.44731 
6.45531 


.383142 
.381679 
.380228 

.378788 
.377358 
.375940 

.374632 
.373134 
.371747 


8.70 


7.2900 


1.64317 


5.19(U5 


19.6830 


l.;i9248 

1.39419 
1.3i)69l 
1.39761 

1.39932 
1.40102 
1.40272 

1.40441 
1.40610 
1.40778 


3.00000 


6.46330 


.370370 


2.71 
2.72 
2.73 

2.74 
2.76 
2.76 

2.77 
2.78 
2.79 


7.3441 
7.3984 
7.4529 

7.5076 
7.5625 
7.6176 

7.6729 
7.7284 
7.7841 


1.64621 
1.64924 
1.66227 

1.66529 
1.65831 
1.66132 

1.66433 
1.66733 
1.67033 


6.2a577 
6.21636 
5.22494 

5.23450 
6.24404 
6.25367 

5.26308 
5.27267 
6.28205 


19.9025 
20.123(5 
20.3464 

20.5708 
20.7969 
21.0246 

21.2639 
21.4850 
21.7176 


3.00370 
3.00739 
3.01107 

3.01474 
3.01841 
3.02206 

3.02570 
3.02934 
3.03297 


6.47127 
6.47922 
6.48716 

6.49507 
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7.50009 
7163330 
7.62904 
7.53658 
7.54321 


177,901 
178.484 
179.40n 
180.363 
181.331 
183.284 
1»4>J20 


1.77686 
1.777!I3 
l.n807 
1.78003 
1.78108 
1,78313 
1.78318 
1.7«23 
1.78537 


3Jl32fl8 
3.83496 
3.8;t732 
3,83948 
3.81174 
3.84390 
3.8462B 


8.34747 

8.2621.1 
8Jf7)90 
8.27677 
8.38164 


4771136 
.177620 
.177306 
.176901 
.176678 

!l 76086 
.175747 




fi.70 


33.4000 


2.38747 


7.54983 


188.103 


1.786:13 


3.84880 


8.29134 


.175439 




B.71 
5^73 
S.T4 
6.T5 
5.76 
8.77 
S.78 
B.79 


32.6041 
33.7184 
33.8320 
33-947B 
33;n76 
38.3029 
33.40»1 
33J134I 


2.38986 
3,31llta 
2.30374 
3.39883 
3.307B3 
2.40000 
3.40208 
2.40416 
3,40634 


T.55645 
7.6ft«>7 
7.5KE!68 
7.67628 
7.58288 
7JWW7 
7.69606 
7.60363 
7.60930 


186.160 
187.140 
188.133 
189.119 
19]ll03 
193.100 
103.101 
194.105 


1.787:« 
1.7SB40 
1.78944 
1.79M8 
1,79163 
1.79206 

l!70463 
1.79667 


3!8.5;W) 
3.85534 
3,86748 

alsfiioa 

3.80419 

3;86868 


8.39619 
N!i»,587 
8.;il060 
8,31652 
8.32034 
8.32515 
8..13995 
8.33476 


.1781.11 
.174825 
.174620 
.174216 
.173013 
.173611 
.173310 
.173010 
.172712 




t.80 


3.1.ftl00 


2.408.'W 


7.61577 


195.113 


1.79670 


3.87088 


8,3396,1 
8-3443* 
8'3fi:!90 
a-:i.'iS68 
8,36345 
8,36831 
8.37307 
8.37772 


.172414 




9.81 
6!83 
a.84 
fi.85 
n.S6 
6,87 
5.H8 
9.89 


33.7561 
3319889 
34.1086 
34.32S 
34.3306 
34.4860 
34Jt744 
^.6921 


3.410.30 
3.41247 
2.41484 
2.41661 
2.41868 
2.43074 
3.43381 
2!426!0 


7.63334 
7.628S9 
7.636*4 
7.64199 
7:69806 
7.66159 
7^67463 


l!»7!l37 
198.158 
109.in 
300.303 
201.230 
303.263 
203.207 
2(M.3:« 


1.70773 
1,79876 
1.70079 
1.80082 
1.80189 
1.80288 

I ! 80193 
I,8ai!« 


3.87310 
3.876:13 
3.87784 
3.87979 
3!884i8 
3.88639 
3.88859 
3.89080 


.172117 
-171821 
.171527 
.171233 
.170040 
.170649 
.1703.18 
.170068 
.169779 




6.90 


34.8100 


2.42890 


7.68116 


205.3rr9 


1,80697 


3.89.100 


8,38731 


.I6941« 




6.01 
9.93 
6.83 
B.M 

6.96 

B.Sff 
9.H8 

6.m 


:t4.93St 
39.0464 
38.1640 
36.2836 
39.4026 
35.S3:U 
35.8400 
38.7804 
39.H801 


2!43.311 
2.43816 
2.43731 
2.43926 
2.44131 
2.44336 
3!+174B 


7,68765 
7.(i9116 
7.70066 
7.70714 
7.71362 
7.72010 
7,72658 
7.73306 
7,73951 


206.435 
207.475 
208.528 
209.688 
210.fi48 
211.700 
212.776 
313.847 
314.923 


1.80709 
1.80001 
1.81003 
1,81104 
1.81206 
1.81307 
1.81409 
1.81610 
l.BlHll 


3.89519 
3.89730 
3.89958 
3.90177 
3.00396 
3.90819 
3.90833 
3.91061 
3.91369 


8..tm94 
8.30667 
8,40140 
8.40613 
8 41083 

8.42035 
8.42494 
8,4206* 


.lli!r20.1 
.1681H9 

.i«8:«o 

.168067 
.167789 
.167604 
.167224 
.166945 




CM 


36X»0D 


3.44940 


7.74.W7 


316.000 


1,81713 


3.01487 


8.434:13 


,166667 
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Powers — Boots — Reciprocals 



[VI 



n 


n2 




y/n 




n8 


i/a 






1/n 


VlOn 


^10 n 


^100 n 


6.00 


36.0000 


2.44949 


7.74697 


216.000 


1.81712 


3.91487 


8.43433 


.166667 


6.01 
6.02 
6.03 

6.04 
6.05 
6.06 

6.07 
6.08 
6.09 


36.1201 
36.2404 
36.3609 

36.4816 
36.6025 
36.7236 

36.8449 
36.9664 
37.0881 


2.45153 
2.46357 
2.45561 

2.45764 
2.45967 
2.46171 

2.46374 
2.46577 
2.46779 


7.76242 
7.75887 
7.76531 

7.77174 
7.77817 
7.78460 

7.79102 
7.79744 
7.80385 


217.082 
218.167 
219.256 

220.349 
221.446 
222.545 

223.649 
224.756 
225.867 


1.81813 
1.81914 
1.82014 

1.82115 
1.82216 
1.82316 

1.82416 
1.82616 
1.82616 


3.91704 
3.01921 
3.92138 

3.92355 
3.92671 
3.92787 

3.93003 
3.93219 
3.93434 


8.43901 
8.44369 
8.44836 

8.45303 
8.45769 
8.46235 

8.46700 
8.47166 
8.47629 


.166389 
.166113 
.166837 

.165563 
.165289 
.165017 

.164745 
.164474 
.164204 


6.10 


37.2100 


2.46982 


7.81025 


226.981 


1.82716 


3.93660 


8.48093 


.163934 


6.11 
6.12 
6.13 

6.14 
6.15 
6.16 

6.17 
6.18 
6.19 


37.3321 
37.4544 
37.6769 

37.6996 
37.8225 
37.9456 

38.0689 
38.1924 
38.3161 


2.47184 
2.47386 
2.47588 

2.47790 
2.47992 
2.48193 

2.48395 
2.48596 
2.48797 


7.81665 
7.82304 
7.82943 

7.83582 
7.84219 
7.84867 

7.86493 
7.86130 
7.86766 


228.099 
229.221 
230.346 

231.476 
232.608 
233.745 

234.886 
236.029 
237.177 


1.82816 
1.82916 
1.83015 

1.83115 
1.83214 
1.83313 

1.83412 
1.83611 
1.83610 


3.93865 
3.94079 
3.94294 

3.94608 
3.94722 
3.94936 

3.95160 
3.96363 
3.95576 


8.48556 
8.49018 
8.49481 

8.49942 
8.50403 
8.50864 

8.51324 
8.51784 
8.52243 


.163666 
.163399 
.163132 

.162866 
.162602 

.162075 
.161812 
.161551 


6.80 


38.4400 


2.48998 


7.87401 


238.328 


1.83709 


3.95789 


8.52702 


.161290 


6.21 
6.22 
6.23 

6.24 
6.25 
6.26 

6.27 
6.28 
6.29 


38.5641 
38.6884 
38.8129 

38.9376 
39.0625 
39.1876 

39.3129 
39.4384 
39.6641 


2.49199 
2.49399 
2.49600 

2.49800 
2.50000 
2.60200 

2.50400 
2.60599 
2.60799 


7.88036 
7.88670 
7.89303 

7.89937 
7.90669 
7.91202 

7.91833 
7.92465 
7.93096 


239.483 
240.642 
241.804 

242.t)71 
244.141 
245.314 

246.492 
247.673 

248.858 


1.83808 
1.83906 
1.84005 

1.84103 
1.84202 
1.84300 

1.84398 
1.84496 
1.84594 


3.96002 
3.96214 
3.96427 

3.96638 
3.96850 
3.97062 

3.97273 
3.97484 
3.97696 


8.53160 
8.53618 
8.54075 

8.54532 
8.54988 
8.55444 

8.55899 
8.56a54 
8.56808 


.161031 
.160772 
.160514 

.160266 
.160000 
.159744 

.159490 
.169236 
.158983 


6.80 


39.6900 


2.50998 


7.93726 


250.047 


1.84691 


3.97906 


8.57262 


.158730 


6.31 
6.32 
6.33 

6.34 
6.35 
6.36 

6.37 
6.38 
6.39 


39.8161 
39.9424 
40.0689 

40.1956 
40.3225 
40.4496 

40.5769 
40.7044 
40.8321 


2.51197 
2.61396 
2.51695 

2.61794 
2.51992 
2.62190 

2.52389 
2.52587 
2.52784 


7.94365 
7.94984 
7.95613 

7.96241 
7.96869 
7.97496 

7.98123 
7.98749 
7.99375 


251.240 
252.436 
263.636 

254.840 
256.048 
257.259 

258.475 
259.694 
2(i0.917 


1.84789 
1.84887 
1.84984 

1.85082 
1.86179 
1.86276 

1.85373 
1.85470 
1.85567 


3.98116 
3.98326 
3.98636 

3.98746 
3.98966 
3.99165 

3.99374 
3.99583 
3.997*)2 


8.57716 
8.58168 
8.58620 

8.59072 
8.69624 
8.59975 

8.60425 
8.60875 
8.61325 


.158479 
.158228 
.157978 

.157729 
.157480 
.157233 

.156986 
.156740 
.156495 


6.40 


40.9600 


2.62982 


8.Q0000 


262.144 


1.86664 


4.00000 


8.61774 


.156250 


6.41 
6.42 
6.43 

6.44 
6.46 
6.46 

6.47 
6.48 
6.49 


41.0881 
41.2164 
41.3449 

41.4736 
41.6025 
41.7316 

41.8609 
41.9904 
42.1201 


2.63180 
2.63377 
2.53674 

2.53772 
2.53969 
2.64166 

2.54362 
2.64568 
2.54766 


8.00625 
8.01249 
8.01873 

8.02496 
8.0.3119 
8.03741 

8.04363 
8.04984 
8.05605 


263.375 
264.609 
265.848 

267.090 
268.336 
269.686 

270.840 
272.098 
273.369 


1.86760 
1.85867 
1.85963 

1.86050 
1.86146 
1.86242 

1.86338 
1.86434 
1.86530 


4.00208 
4.00416 
4.00624 

4.00832 
4.01039 
4.01246 

4.01453 
4.01660 
4.01866 


8.62222 
8.62671 
8.63118 

8.63666 
8.64012 
8.64459 

8.64904 
8.65350 
8.65795 


.156006 
.155763 
.156521 

.155280 
.155039 
.154799 

.154560 
.154321 
.154083 


6.60 


42.2600 


2.54951 


8.06226 


274.625 


1.86626 


4.02073 


8.66239 


.163846 
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n 


n' 


^ 


V10« 


«■ 


■fr-n 


^io« 


nOOn 


l/» 






S.SD 


42.2S00 


2.54951 


8,08226 


274.639 


J^H6636_ 
1.86T21 
1.86817 
1.8H912 


4.03073 
4.02379 
4.02485 
4.02690 


8,60339 

8!67137 
8.C7670 


.193846 
.153610 
,15;C74 
.153139 






6.61 
6.63 


42.3801 
4SJil04 

42.6409 


3.55147 

2.66539 


8.06846 
8!0H084 


375.894 
277.168 
278.445 






8.B4 
6.60 
6.G6 


42.7ri6 
43.3026 
43.8386 


2.55734 
3;B6i26 


8.0B7al 
S.OKHl 


379.736 
381.011 
382.300 


1.87008 
1.8710! 
1.87198 


4.02896 
4.03101 
4.03306 


8.68012 
8.6843S 
8.68896 


.193905 
.162673 
.182439 






6JS7 


43.1649 
43.2964 

43.4281 


2.66320 
3,66615 
2.66710 


«.i™i56 
8,11172 


383.593 
264.800 
286.191 


1.87293 
1,87388 
1.87483 


4.03811 
4,03716 
4.0;i920 


8.69338 
8!70219 


,192207 
.151976 
.151746 






6.60 


4:j.Baoo 


2.56905 


8.13404 


287.4116 


1,87578 


4.04124 


8.70659 


.151619 






6.fil 
6.ii2 
6.tB 


43.6921 
43.6344 
43.936!) 


2.57099 
2.67294 
3.57488 


8,i:»i9 

8.13634 

8.14348 


288.609 
290.118 
291.434 


1.87872 
1.87767 
1.87662 


4.04338 
4.045.32 

4.01736 


8.71098 
8.716.T7 
8.71976 


.151386 

.191097 
.150830 






6.64 
6.65 


44.0896 

44.2226 
44,3666 


2JJ7683 

3.57876 
2Ji8070 


8.14862 


292,765 
2M.080 
399.408 


1.H7956 

i.8«aw 


4.M9;i9 
4.0BI42 
4.WBJ6 


8.72414 
8,72862 
8.73289 


.190602 
.150376 
.1IW160 






H.6T 
6.68 
6.i» 


44.488H 
44.6224 
44.TD61 


2-58263 
3.58457 


8.16701 
H.17313 
8-17934 


296.741 
296.078 
299.418 


1,88239 
1.88333 
1.88427 


4!lB760 
4.05!I63 


8.73726 
8.74163 
8.74698 


.149926 
.149701 
.149477 






6.70 


44.K90(1 


2.58844 


8.18.135 


300.763 


1,88920 


4,06156 


a.750;H 


.149354 






6.71 
6.72 
8.73 


45.0241 
45^2929 


2,6f»37 
2!6M33 


8.19140 
8.1»T56 
8.20366 


.■«2.113 
303.464 
304.821 


1.88614 
1.88708 
1.88801 


4.06367 
4.06559 
4.06760 


8.75469 
8!76338 


.149031 
.148810 
.148688 






e.74 

6.7S 
6.7B 


45.4276 
45.5625 
46.6976 


2.59616 
3.S9808 
2.60000 


8.20975 
8.31584 
8.32192 


306.182 
:i07.M7 
306.916 


1.88895 
1. 88088 
1.89061 


4.06961 
4.071ta 
4.0736* 


8.76773 
8.77305 
8.77638 


.148368 
.148148 
.147939 






6.77 
6.78 

6.T9 


45.8339 
4S.9e»l 
46.1041 


2.noiiia 

3.60384 
3.60576 


8.22800 
8.23408 
8.3401S 


310.289 
311.606 
313.047 


1.89176 
1.89268 
1.89361 


4!o7766 
4.0796,'5 


8.78071 
8.76503 


.147710 
.147493 

.147276 






6-Hl 
6.82 


46^3400^ 
46.3701 
46.5124 
46.6489 


3.60768 


8,34631 


314.432 


1.89454 


4-08166 


8.79366 


.147099 






2.60960 
2.6U61 
2.61343 


8.2522T 
8.25833 


315.821 
317.216 
318.612 


1.aH.>46 
1.89639 
1.89733 


4.08366 
4.08565 
4.0X765 


8.79797 

e'sofS? 


.146843 
,146628 






0,M 
B.85 
6.86 


46.7856 
46.9226 
47.0596 


2.61934 

3.61725 
2.61916 


8.27043 

8.27047 
8.38261 


320.014 

321.419 


1.89834 
1.8901T 
1.9U009 


4.08964 
4.09163 
4.09363 


8.81087 
8.81516 


.146199 
.1+6985 
.145773 






6,87 
6.!H 
6.89 


47.1B69 
47.3344 

47.4721 


2.62107 
3.62488 


8,388,'i5 
8.294.'i8 
8.30060 


324.243 
325.661 
;«7.083 


1,90102 
1.90194 
1.U0286 


4.09961 
4:09!BS 


8.82373 
8.83801 
8.83228 


.146960 
.145.349 
.146138 






s.so 


47.6100 


3.62679 


8..10WB 
8.312M 
8.8186S 
8.32466 


328.509 
:i29,939 
331.374 
332.613 


1.90378 
1.90470 
1.90962 
1.90653 


4.10197 
4.10355 
4.10n93 
4.10760 


8.8:Wi.56 
8,84t)N3 
8!84934 


.144928 
-144718 
.144.509 
.144300 






ti.91 
6^93 


47.7481 
47.8864 
48J)249 


3:63059 
2,63319 






6.M 
8,flS 
6.06 


48.1636 
48.3026 


2.6:«39 
2.««29 


8.fB0fi7 
8.3.1667 
8.^266 


:i34.259 
3:».702 
337.154 


1.90746 

1.90S37 
1.S093S 


4.10948 
4,11146 
4.11M3 


8.85360 
8.89786 
8.86210 


.144092 
.143886 
.143678 






6.B7 
6.93 


48J«09 
48,7201 
48.8601 


2*4008 
2.64386 


8.34865 
6.35464 
8.36062 


338.609 
310.068 
Ml. 633 


1.91019 
1.91111 

1.91302 


4.119.19 
4.11736 
4.11932 


8.86634 
8.87058 
8.87481 


.143473 
.143266 
.143063 






7.M 


49.0000 


3.64975 


8,36660 


343.000 


1.91393 


4.121'.J9 


8.879C4 


.142867 






» 


n? 


^^ 
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[VI 



L 



n 


n^ 


y/n 




n» 


^n 






1/n 


VlOn 


^10 n 


<^100w 


7.00 


49.0000 


2.64575 


8.36660 


343.000 


1.9129:3 


4.12129 


8.87904 


.142857 


7.01 
7.02 
7.03 


49.1401 
49.2804 
49.4209 


2.64764 
2.64953 
2.65141 


8.37257 
8.37854 
8.38451 


:344.472 
346.948 
347.429 


1.91384 
1.91475 
1.91566 


4.12325 
4.12521 
4.12716 


8.88327 
8.88749 
8.89171 


.142653 
.1^460 
.142248 


7.04 
7.05 
7.06 


49.5616 
49.7025 
49.8436 


2.65330 
2.65618 
2.65707 


8.39047 
8.39643 
8.40238 


348.914 
350.403 
351.896 


1.91657 
1.91747 
1.91838 


4.12912 
4.13107 
4.13303 


8.89592 
8.90013 
8.90434 


.142046 
.141844 
.141643 


7.07 
7.08 
7.09 


49.9849 
50.1264 
50.2681 


2.66895 
2.66083 
2.66271 


8.40833 
8.41427 
8.42021 


353.393 
354.895 
a'56.401 


1.91929 
1.92019 
1.9210J» 


4.13498 
4.13693 
4.J3887 


8.90854 
8.91274 
8.91693 


.141443 
.141243 
.141044 


7.10 


50.4100 


2.66458 


8.42615 


367.911 


1.92200 


4.14082 


8.92112 


.140846 


7.11 
7.12 
7.13 


50.5521 
50.6944 
50.8369 


2.66646 
2.66833 
2.67021 


8.43208 
8.43801 
8.44393 


369.426 
360.944 
362.467 


1.92290 
1.92380 
1.92470 


4.14276 
4.14470 
4.14664 


8.92531 
8.92949 
8.93367 


.140647 
.140449 
.140252 


7.14 
7.15 
7.16 


60.9796 
61.1225 
51.2656 


2.67208 
2.67395 
2.67582 


8.44985 
8.45577 
8.46168 


363.994 
366.526 
367.062 


1.92560 
1.92650 
1.92740 


4.14858 
4.16062 
4.15246 


8.93784 
8.94201 
8.94618 


.140056 
.139860 
.139665 


7.17 
7.18 
7.19 


51.4089 
51.5524 
51.6961 


2.67769 
2.67965 
2.68142 


8.46759 
8.47349 
8.47939 


368.602 
370.146 
371.696 


1.92829 
1.92919 
1.93008 


4.16438 
4.15631 
4.16824 


8.96034 
8.96450 
8.96866 


.139470 
.1:^9276 
.139082 


7.20 


51.8400 


2.68328 


8.48528 


373.248 


1.93098 


4.16017 


8.96281 


.138889 


7.21 
7.22 
7.23 


51.9841 
52.1284 
52.2729 


2.68514 
2.68701 
2.68887 


8.49117 
8.49706 
8.50294 


374.806 
376.367 
377.933 


1.93187 
1.93277 
1.93366 


4.16209 
4.16402 
4.16694 


8.96696 
8.97110 
8.97624 


.138696 
.138504 
.138313 


7.24 
7.25 
7.26 


52.4176 
52.5()25 
52.7076 


2.69072 
2.69258 
2.69444 


8.60882 
8.51469 
8.52056 


379.603 
381.078 
382.657 


1.93465 
1.93544 
1.93633 


4.16788 
4.16978 
4.17169 


8.97938 
8.98351 
8.98764 


.138122 
.137931 
.137741 


7.27 
7.28 
7.29 


52.8529 
52.9984 
53.1441 


2.69629 
2.69815 
2.70000 


8.52643 
8.53229 
8.53815 


384.241 
385.828 
387.420 


1.93722 
1.93810 
1.93899 


4.17361 
4.17652 
4.17743 


8.99176 
o.99uoo 
9.00000 


.137662 
.137363 
.137174 


7.80 


53.2900 


2.70185 


8.54400 


389.017 


1.93988 


4.17934 


9.00411 


.136986 


7.31 
7.32 
7.33 


53.4361 
63.5824 
53.7289 


2.70370 
2.70555 
2.70740 


8.54985 
8.55570 
8.66164 


390.618 
392.223 
393.833 


1.94076 
1.94165 
1.91253 


4.18125 
4.18316 
4.18506 


9.00822 
9.01233 
9.01643 


.136799 
.136612 
.136426 


7.34 
7.35 
7.36 


53.8756 
54.0225 
54.1696 


2.70924 
2.71109 
2.71293 


8.56738 
8.67321 
8.67904 


395.447 
397.065 
398.688 


1.94341 
1.94430 
1.94518 


4.18696 
4.18886 
4.19076 


9.02053 
9.02462 
9.02871 


.136240 
.136064 
.136870 


7.37 
7.38 
7.39 


64.3169 
54.4644 
54.6121 


2.71477 
2.71662 
2.71846 


8.58487 
8.59069 
8.59661 


400.316 
401.947 
403.583 


1.94606 
1.94694 
1.94782 


4.19266 
4.19456 
4.19644 


9.03280 
9.a%89 
9.04097 


.135685 
.136501 
.136318 


7.40 


54.7600 


2.72029 


8.60233 


405.224 


1.94870 


4.19834 


9.04604 


.136136 


7.41 
7.42 
7.43 


54.9081 
55.0564 
55.2049 


2.72213 
2.72397 
2.72580 


8.60814 
8.61394 
8.61974 


406.869 
408.518 
410.172 


1.94957 
1.95045 
1.95132 


4.20023 
4.20212 
4.20400 


9.04911 
9.06318 
9.06726 


.134<»3 
.134771 
.134590 


7.44 
7.46 
7.46 


55.3536 
55.5025 
55.6516 


2.72764 
2.72947 
2.73130 


8.62554 
8.631;M 
8.63713 


411.831 
413.494 
416.161 


1.95220 
1.95307 
1.95395 


4.20689 
4.20777 
4.20966 


9.06131 
9.06637 
9.06942 


.134409 
.134228 
.134048 


7.47 
7.48 
7.49 


55.8009 
55.9504 
56.1001 


2.73313 
2.73496 
2.73679 


8.64292 
8.64870 
8.65448 


416.833 
418.509 
420.190 


1.95482 
1.95569 
1.95656 


4.21153 
4.21341 
4.21529 


9.07347 
9.07762 
9.08156 


.133869 
.133690 
.133511 


7.60 


66.2500 2.7:^861 


8.66026 


421.876 


1.95743 


4.21716 


9.08660 


.133333 


/ 


1 




n» 


^ ^ \ 






i/« 


n 1 


n^ \ 


Vn 


VlOn 


^10n( 


^100 n 



Foven — Roots — B«eIprDcalB 





n 


H> 


v^ 


VTO« 


»> 


•!/n 


Vio^ 




I/» 






nOOn 






^0_ 
7Jil 
7.83 


56.3500 


2,73861 


R-dOtrlS 


421.875 


1.U5743 


4.31716 


9.08560 


.133333 






56.4001 
56JS50t 
06.7009 


2.74044 

3.74326 


M.flfilM3 
8.67179 
H.6T756 


423.585 
429.309 

426.9S8 


1.99»:« 
1.JIW17 


4.31904 
4 33091 
4.32278 


9.08964 
9.011367 
9.09nO 


.133156 
.132979 
.132802 






7.5* 
7.5B 

7.56 


56.8Slfi 
57.0026 
6T.1536 


2.74501 
2.7477;i 
2.749B5 


8.68333 
8.68B07 
8.69483 


43».6fil 
430.3«9 
432.0B1 


1.96091 
1.96177 
1.96264 


4.2246J 

4.22e51 
4.33838 


9.10173 
9!l0977 


.132628 

.132490 
.133375 






7J17 

7JW 
7J19 


57.3M9 

D7.4fi64 
37.6081 


3.75136 
2.75318 
3.75.W0 


8.70057 
H.70H33 
8.71206 


433.798 
435.520 
437.24S 


1.96350 
1.96137 
1.1«533 


4.33034 
4-23310 

4.23396 


9.11.378 
9.11779 
9.12180 


.132100 

.131936 
.1.31702 






7.80 


87.7«» 


2.7^681 


438.976 


l.rt«10 


4.23582 


!),12081 


.131679 






7.tKi 
7.63 


57.8121 

58.0644 
58,2ia9 


3.7B8(!2 
2.7«M3 
2.76225 


R.72:«:i 
8.72irJ6 

a.7:«99 


440.711 
412.4fil 


1.00696 
1.HB782 
1.86808 


4.33768 
4.23991 
4.34139 


9!l3:i80 
9.13780 


.131406 
.131234 
.131063 






7M 
7.(ifi 
7.66 


58.3896 
68.322!! 
58.6756 


3.76105 
3.7(K«6 
3.767B7 


8.74071 
8.74613 
8.79314 


445.944 

447.81)7 
449.4SS 


1,96901 
l.<)7040 
1.97126 


4.34331 
4.2450B 
4.34694 


9.14179 
9.1*577 
9.14976 


.130890 
.130719 
.130648 






7.67 
7.(» 
7.(i9 


08.8289 

5B.B824 

.misei 


2.70946 
3.77128 

2.773D8 


8.79785 
8.76.156 
8.76021! 


401.218 

452.985 
454.787 


1JI7211 
l.ilT297 


4.34879 

4.2.TO(;3 


9.15,174 


.130378 
.130208 






7.T0 


09.2900 


3.774H9 


8.7T49B 


4.1«.K)3 


.129870 
,120702 
.129.734 
.129366 






7.71 

7.72 
7.73 


59.4441 

09JH!84 
09.7G3!) 


3.77<169 
3,77ms 
2.76039 


8.7R0fl6 
8.78635 
8.79304 


458.314 
460.100 






7,74 
7.79 
7.7e 


59.9076 
60.0625 
60.2176 


2.78209 
2.7H3MH 
3.78.W8 


8.79773 

8.8o:ni 

8.80909 


463.68,'; 
466,484 
467 .289 


1.97809 

i.twin 

1.97>«() 


4.aiil67 
4.36.351 
4.26534 


9.18iOO 
9.18515 
9.18940 


.139190 
.120032 
.138886 






7.77 
7.78 
I.7!t 


eoioasi 

60.6»)1 


2.T8747 
3,78927 
2.79106 


8.81478 
8,83043 
8,82610 


469.097 
470.911 
472.729 


l.OBOfiB 
1.98100 
1.98^34 


4.20717 
4.26900 
4.37083 


9.193.10 
9.19729 
9.20123 


.138700 
.138535 
.138370 






7.80 


60.8400 


3.79285 


8.83176 


474JtS3 


1.98:119 


4,27266 


9.20916 


.128208 






7.81 
7.82 


60.9961 
61.1624 

61J08f) 


2.79164 
2.79613 
2.7<e31 


8.83743 
8.81308 
8.84873 


476.380 
478.212 

480.039 


1.08404 
1.B84H9 
1.98.173 


4.274+8 
4.37631 
4.27813 


9.20910 
9.31303 
9.21895 


.128041 
.127877 
.137714 






7,8* 
7.85 
T.8S 


61.4656 
61J323S 

61.7798 


3.80000 
2.80179 
3.80307 


8.85438 
8.80002 
8.80668 


481.8a0 
483,737 
486.588 


1.98608 
1.98742 
1.9S826 


4.37!<95 
4.28177 
4.38359 


9.33087 
9,33*79 
9.33871 


.137001 
.127389 
,137286 






T.87 
7.88 
7.8B 


61.9369 
62-0944 
63.3531 


2.SOA30 
2.80713 
2.80891 


8.87130 
8.87691 
8.882.17 


487.44.1 
4«9,3W 
491.1611 


liosons 

1.9!W79 


4.38540 
4.28723 
4.38903 


9,33263 
9.23653 
9.34043 


.127065 
.126904 
.128743 




T.M 


62.4100 


3.81«« 


8.88819 


493.039 


1.99163 


4.211084 


9.24434 


.126.'Mi2 




7.fll 
7.B3 
7.98 


62.0681 
63.7364 

63.BS49 


2.81317 
2.81425 
2,81603 


8.8!IIW2 
S.8HIW4 
S.9(H0fi 


494,914 

496.75)3 
498.677 


1.99347 

i.iinsai 

1.99*10 


4!2i>446 
4.29627 


9.21823 
9.3S213 
9.33603 


.126422 

.126263 
.126103 






T,9S 


63JM36 
69.3035 
63.3618 


2.81780 
2.81S157 
3,82135 


8.01067 
8.91638 
8.92188 


000.6H6 
6O3.4fl0 
5M.358 


l!9!m82 
1.99666 


4.29807 
4.39987 
4.30168 


9.39991 
9.36380 
9.26768 


.125945 
.120786 
.126628 






7.BT 
T.98 
7.»9 


63.8401 


2;8248rt 
2.83606 


8.92749 


506.363 
508.170 
B10.083 


l.iKffSO 
l'lB917 


4.30348 
4,30028 
4.3(n07 


9:37544 
9.37931 


,126471 
!] 39166 




a.i» 


M.0OO0 


3.82843 


8,9*127 


012.000 


3.00000 


4,30887 


9.28318 


.125000 




n 


fi» 


V-W 


vlOS 


n' 


</» 


\VW^ 


\^^ 


i^y^. 


\ 
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[VI 




n 


n2 


y/n 




n8 


^ 






1/n 




VlOn 


^10 n 


^100 n 




8.00 


64.0000 


2.82843 


8.94427 


512.000 


2.00000 


4.30887 


9.28318 


.126000 




8.01 
8.02 
8.03 

8.04 
8.06 
8.06 

8.07 
8.08 
8.09 


64.1601 
64.3204 
64.4809 

64.6416 
64.8025 
64.9636 

65.1249 
65.2864 
()5.4481 


2.83019 
2.83196 
2.83373 

2.83549 
2.83726 
2.83901 

2.84077 
2.84253 
2.84429 


0.94900 
8i96646 
8.96103 

8.96660 
8.97218 
8.97776 

8.98332 
8.98888 
8.99444 


513.922 
516.850 
617.782 

619.718 
521.660 
623.607 

625.668 
627.614 
629.475 


2.00083 
2.00167 
2.00250 

2.00333 
2.00416 
2.00499 

2.00582 
2.00664 
2.00747 


4.31066 
4.31246 
4.31426 

4.31604 
4.31783 
4.31961 

4.32140 
4.32318 
4.32497 


9.28704 
9.29091 
9.29477 

9.29862 
9.30248 
9.30633 

9.31018 
9.31402 
9.31786 


.124844 
.124688 
.124633 

.124378 
.124224 
.124069 

.123916 
.123762 
.123609 




8.10 


66.6100 


2.84605 


9.00000 


531.441 


2.00830 


4.32676 


9.32170 


.123457 




8.11 
8.12 
8.13 

8.14 
8.15 
8.16 

8.17 
8.18 
8.19 


65.7721 
66.9344 
66.0969 

66.2596 
66.4225 
66.5856 

66.7489 
66.9124 
67.0761 


2.84781 
2.8495() 
2.85132 

2.85307 
2.85482 
2.85667 

2.85832 
2.86007 
2.86182 


9.00566 
9.01110 
9.01665 

9.02219 
9.02774 
9.03327 

9.03881 
9.044.34 
9.04986 


633.412 
635.387 
637.368 

639.363 
641.343 
643.338 

645.339 
547.343 
649.363 


2.00912 
2.00995 
2.01078 

2.01160 
2.01242 
2.01326 

2.01407 
2.01489 
2.01571 


4.32863 
4.33031 
4.33208 

4.33386 
4.33563 
4.33741 

4.33918 
4.34096 
4.34271 


9.32563 
9.32936 
9.33319 

9.33702 
9.34084 
9.34466 

9.34847 
9.36229 
9.36610 


.123306 
.123153 
.123001 

.122860 
.122699 
.122549 

.122399 
.122249 
.122100 




8.20 


67.2400 


2.86356 


9.05539 


651.368 


2.01653 


4.34448 


9.36990 


.121951 




8.21 
8.22 
8.23 

8.24 
8.26 
8.26 

8.27 
8.28 
8.29 


67.4041 
67.5()84 
67.7329 

67.8976 
68,6625 
68.2276 

68.3929 
68.5584 
68.7241 


2.86531 
2.86705 
2.86880 

2.87054 
2.87228 
2.87402 

2.87576 
2.87750 
2.87924 


9.06091 
9.06642 
9.07193 

9.07744 
9.08295 
9.08845 

9.09395 
9.09945 
9.10494 


653.388 
665.412 
667.442 

669.476 
561.616 
663.560 

665.609 
567.664 
669.723 


2.01735 
2.01817 
2.01899 

2.01980 
2.02062 
2.02144 

2.02225 
2.02307 
2.02388 


4.34626 
4..S4801 
4.34977 

4.361 63 
4.35329 
4.36605 

4.36631 
4.36856 
4.36032 


9.36370 
9.36761 
9.37130 

9.37610 
9.37889 
9.38268 

9.38646 
9.39024 
9.39402 


.121803 
.121655 
.121507 

.121359 
.121212 
.121065 

.120919 
.120773 
.120627 




8.30 


68.8900 


2.88097 


9.11043 


671.787 


2.02469 


4.36207 


9.39780 


.120482 




8.31 
8.32 
8.33 

8.34 
8.36 
8.36 

8.37 
8.38 
8.39 


69.0561 
69.2224 
69.3889 

69.5656 
69.7225 
69.8896 

70.0569 
70.2244 
70.3921 


2.88271 
2.88444 
2.88617 

2.88791 
2.88964 
2.89137 

2.89310 
2.89482 
2.89665 


9.11692 
9.12140 
9.12688 

9.13236 
9.13783 
9.14330 

9.14877 
9.16423 
9.15969 


673.856 
676.930 
678.010 

680.094 
682.183 
684.277 

586.376 
588.480 
690.590 


2.02561 
2.02632 
2.02713 

2.02794 
2.02875 
2.02956 

2.03037 
2.03118 
2.03199 


4.36382 
4.36557 
4.36732 

4.36907 
4.37081 
4.37256 

4.37430 
4.37H04 
4.37778 


9.40157 
9.40534 
9.40911 

9.41287 
9.41663 
9.42039 

9.42414 
9.42789 
9.43164 


.120337 
.120192 
.120048 

.119904 
.119760 
.119617 

.119474 
.119332 
.119190 




8.40 


70.5600 


2.89828 


9.16615 


592.704 


2.03279 


4.37952 


9.43639 


.119048 




8.41 

8.42 
8.43 

8.44 
8.45 
8.46 

8.47 
8.48 
8.49 


70.7281 
70.8964 
71.0649 

71.2336 
71.4025 
71.5716 

71.7409 
71.9104 
72.0801 


2.90000 
2.90172 
2.90345 

2.90617 
2.90689 
2.90861 

2.91033 
2.91204 
2.91376 


9.17061 
9.17606 
9.18150 

9.18696 
9.19239 
9.19783 

9.20326 
9.20869 
9.21412 


594.823 
596.948 
599.077 

601.212 
603.351 
605.496 

607.645 
6W).800 
611.960 


2.0.S360 
2.0.3440 
2.03521 

2.aS601 
2.03682 
2.03762 

2.03842 
2.03923 
2.04003 


4.38126 
4.38299 
4.38473 

4.38646 
4.38819 
4.38992 

4.39165 
4.39.338 
4.39610 


9.43913 
9.44287 
9.44661 

9.46034 
9.46407 
9.46780 

9.46152 
9.46525 
9.46897 


.118906 
.118765 
.118624 

.118483 
.118343 
.118203 

.118064 
.117925 

.117786 


/ 


8.60 I 72.2500 


2.91548 


9.21954 


614.125 2.04083 


4.39683 


9.47268 


.117647 
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m 


n' 


vs 


VIOm 


n" 


</n 


^W^ 




1/n 


*100n 


• SO 


72.2500 


2.91548 


9,21964 


6U.12S 


2.W083 


4.39683 


9.47368 


.117647 


8.01 
8.52 
8.33 


72,4201 
73Jie04 
72.7809 


2.91719 
3,91890 
3,93082 


9,32497 
9.23038 
9.33680 


616.395 
6I8.4T0 
620.660 


2!m343 
2.04323- 


4,39355 
4.40038 
4.40300 


9,47640 
9,48011 
9.48381 


.117509 
.117371 
.117233 


8.H 

8.C5 
8J« 


73.9316 
73.1035 
73.3736 


3,92233 
2,93404 
2.92576 


9.24121 
9.24663 
9.26203 


032.836 
63'>.026 


3.01402 
2.04482 
3.W663 


4.40372 
4!40715 


9,48762 
9.49123 
9.49492 


.117096 
.116969 
.116822 


8.67 
8.58 


73,4449 
73.HIS4 
73.7881 


2,93746 
2.929IH 
2.93087 


9.2B743 
9.3G283 
9.20823 


629.423 
631,629 
633.840 


3.04641 
2.04731 
3,04801 


4.40887 
4.41058 
4.41329 


9.49861 
9.50331 


,116686 
.116650 
.116414 


8,60 


73.B600 


2.93358 


9.27362 


636.056 


2.04880 


4.41400 


9.50969 


.116279 


8.S1 
8!63 


74.1321 
74.3M4 
74.4769 


2.9^28 
3.93098 
2.03709 


9.27901 
9.28440 
9.28978 


638.27T 
613J36 


2.04959 
3-05039 
2.06118 


4.41571 
4.41742 
4.41913 


9.51337 
9.01706 
9.52073 


.116144 
.116009 

.11B878 


am 


74.6496 
74,8328 
749H56 


2.93939 
2.9*109 
2.94279 


9.39516 
9.30054 
9.3M91 


644.973 
647 .316 
649.463 


3.06197 
2.06376 
3,05355 


4.42084 
4.42354 
4,42426 


9.62441 
9.52808 
9.63175 


.115741 
,116607 
.115473 


8.fi7 
S.63 
8.69 


75.1689 
75.3134 
75.5161 


2.94449 
3!94788 


9.31128 
9.31665 
9.32202 


6.^1.714 
66.3.972 


2.054:u 
2.05513 
3,05592 


4.42595 
4.42765 
4.42935 


9.63542 
9.53908 
9.54374 


.116340 
.116207 
.116076 


8,70 


76.6900 


2.94958 


9.32738 


668.503 


3,05671 


4.43105 


9.M640 


.114943 


8.71 
8.72 
8.73 


75.8641 
76.0384 
76.3129 


2.95127 
2.96296 
2.95468 


9.333T4 
9:34315 


660.776 
003.055 
666.:l39 


3.05750 
2.06828 
2.05907 


4,43274 
4.43444 
4.43613 


9.55006 
O.flS.'ffl 
9.fB736 


.114811 
.114679 
.114548 


8.74 

8.7S 
8.76 


T6.3S76 
76.6625 
T8.7376 


2.95035 
3.»i804 
2.95973 


9.34880 
9.35414 
9,36949 


667.638 
669.923 
672.331 


2.05986 
3,06064 
2.06143 


4.43783 
4.43902 
4,44121 


9.56101 
9.66466 
9,66830 


.114416 
.114286 
.114166 


8.77 
8.78 
8.79 


76.9129 
77.0884 
77.2641 


3.96142 
2.96311 
3.9W79 


9.36483 
9.37017 
9.37560 


674.526 

676.836 


2.06221 
2:06378 


4.44290 
4.44459 
4.44627 


9.67194 
9.57657 
9-57931 


.114036 
.113895 
.113766 


S.BO 


77.4400 


3.96(H8 


9.3S083 


081.472 


2.06456 


4.44796 


9.58284 


.113636 


8.81 
8.82 
8.83 


77.6101 
T7.7934 


2.96816 
3,9U9S5 
3,97163 


9!31I149 
9.39681 


683.798 
686.129 
688.465 


2.06634 
2.06613 
2.06690 


4.44964 
4.45133 
4,46301 


9.58647 
9.59009 
B.59372 


;il3379 
.113250 


8.84 
8.85 
8.86 


78.145() 
78.323,^ 
78.4996 


2.97331 
2,97489 
2.97S58 


9.40313 
9.40744 
9.413f76 


690,807 
695!606 


2.00768 
3.06846 
2.06924 


4.45469 
4.46637 
4.45805 


9.69T34 
9.60095 
9.60457 


.113132 
.1139W 
.113867 


8.87 
8.88 
8.89 


78.6709 
78.8544 
79.0331 


3.97836 
3I98161 


9.4180T 
9.42338 
9.42868 


697,864 
700.327 
7O3.S90 


3.07002 
3.07080 
3.07157 


4.45973 
4.46140 
4,46307 


9.60818 
9.61179 


.112740 

.112813 
.113486 


B.00 


79.2100 


2,98339 


9.43398 


704.969 


3.07235 


4.46476 


9.61900 


.113360 


8.91 
8.92 
8.93 


79.3881 
79.5664 
79.7449 


3.98496 
3.98664 
2.98831 


9.43928 
9.44468 
9.449ST 


707.348 
709.733 
712.122 


3.07313 
2.07390 
2.07468 


4.468*2 
4.46809 
4.46976 


9.62200 
9,62630 
9.62980 


.112233 
,113108 
.111982 


8.94 
8.96 
8.96 


79.9236 
80.1025 
80.2816 


2.98!«8 
3.99166 
8.99333 


9.45516 
9.460*4 

9.46673 


714.617 
716.917 
719.323 


2.07546 
2.07832 
3.O7T0O 


4.47142 

4.47309 
4.47476 


9.63339 
9.63698 
9,64057 


,111867 
.111732 
.111607 


8.98 
8.99 


80.4609 
80!8201 


3.99500 

2.\ma 


9.47101 
9.47629 
9.48166 


731.734 
734,151 


2.077T7 
3.078M 
2.07931 


4.47643 
4.4780S 
4.4797* 


9,64416 
9.64774 
9.65132 


.111483 
.111369 


B.OO 


81.0000 


3-00000 


9,48683 


729.000 


2,08008 


4.48140 


9.6M89 


.111111 
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n' 


Vh 


vio^ 
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rn 


no^ 




1/n 
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Powers— Boote— 


Reciprocals 




m 


N 


Ttl' 


vs 


ViOm 


n» 


V^ 


Vwn 


vm^ 


l/n 


B.OO 


81.0000 


3.00000 


9.48683 


729,000 


2,08008 


4.48140 


9.65489 


,111111 


B.01 
9.02 
B-03 


81,5409 


3!003,13 
3.aK100 


9.49210 
9.497.S7 
9.50atS 


731.433 
73S.B71 
736,314 


3,08086 
3,08239 


4.4S306 
4.48472 
4.48638 


9.65847 
9,66304 
9.66661 


,110988 
.110865 
.110743 


9.04 

h!ob 


81.7216 
81.9026 
B:i.083a 


3.00666 
3.00832 
3.00998 


9.50T89 
il.61316 
9.51S40 


73S,7S3 
741,218 
7*3,677 


3.08316 
2,08:!93 
2,08470 


4.48803 
4.489l» 


9.66918 
9.m274 
9.67630 


,110619 

,110497 
.110375 


B.OT 

9.0H 
il.09 


82.3U49 
82.44IU 
82.6281 


3.01164 
:i,'014!i6 


9!n3Bgo 

9.,'-.:H16 


746,143 
743,613 

751,089 


2,08646 
3,08'>33 


4,49299 
4,4<»64 


9.67986 
9.68342 
9.686S17 


.110264 
.110132 
.110011 


BIO 


82.8100 


3.01662 


9.6.1939 


753,571 


2.08776 


4,49794 


»,S90B2 


,109890 


9.11 
H.12 
9.18 


82.9)121 
83.1744 
83.3569 


3.01828 
3.01993 
3.02159 


9.B4463 
9.,549H7 
B.555I0 


766,068 
7,'W,n61 
761,048 


2.08862 
3!oilo66 


4,49969 
4.50123 
4,50388 


9.69*07 
9,*«763 


,109769 
,109649 
,109629 


9.U 


83.6396 
83.T225 
83.eai6 


3,03324 
S.O^HO 
3.02666 


9.56033 
9.56.'.,16 
9.57078 


763,552 
766.061 
768JS76 


2,09081 
2.09158 
2.092M 


4,50452 
4,60616 
4.60781 


9,7IM70 
9,70824 
9,71177 


,109409 
,109290 
,109170 


9.1T 


84.0889 


3,02820 
3,0298,5 


9.57601 
9.68123 
9Ji8fti6 


771,096 
77ii!l63 


2,09310 
3.09H86 
2.0! ►462 


4.n0iM5 
4.51108 


9,71531 
9,718*4 

9,72A16 


!lC«932 
,108814 


g.M 


B4.K100 


3.03315 


9,69166 


778,688 


2.09,™ 


4,61436 


9,72589 


.10869S 


9.21 


8;i!o084 
85.1929 


.1,0,3480 
3!03809 


9-69687 
9,60208 
9.6072S 


781,210 
783,777 
786,3,10 


2.0B6H 

2.09690 
2.09766 


4,51.199 
4.51763 
4J51926 


9,72941 
9,73393 
9,73645 


,106678 
.108460 
,108343 


9.21 
9.25 
9.211 


86,3776 
ar.!74J6 


3,03974 

avowee 


9.61249 


788,889 
791.463 
794,023 


2,09^1 
2.0il9I7 
2.09992 


4.52089 
4,53262 
4,53415 


9.73996 
9,74348 
9.74699 


.108226 
.108108 
,107991 


B.27 


86.9329 
86.UH4 
86.3041 


3,0MU7 
3,M631 
3,M79B 


9,62808 
9.63328 
9.6.1846 


706,598 
799,179 
801,765 


2.10068 
2.10144 
2,10219 


4,52578 
4,53740 
4,52903 


9.75049 
9,75400 
9,75760 


,107876 
,10n59 
.107643 


9. SO 


86.4900 


3.01ffi9 


9,64165 


804.,3,W 


2,10294 


4,63065 


9,76100 


.107537 


9.31 

9.32 
9.33 


86.6761 
87,0489 


3.05123 
3.0H287 
3.06460 


9.64883 
9.6B401 
9.65919 


809AT8 
812.166 


2,10370 
3,10*45 
2.10520 


4J13228 
4.5:1390 


9.76460 
9.76799 
9.ni48 


.107411 

.107296 
.107181 


9.34 

9.35 
9.36 


87,23,16 
87,4225 
8T,B096 


3.05614 
3,05778 
3.05941 


9.66437 
9^67471 


814.781 
817.400 
820.026 


3.10596 
2,10671 
3,1U748 


4,53714 
4A1876 
4JH03H 


9.77497 
9.77846 
9,78196 


.107066 

.106f«2 
.106838 


B.37 
9.38 


87,7969 
87,9844 
8«,172l 


.1,06106 
3.06268 
3.06431 


9.679S8 
9.6H504 
9,ti9020 


822.657 

837 :»« 


2.10821 
2.10896 
2.10971 


4,54199 
4,54361 
4,54.^33 


9!788!H 
9,79239 


.106724 
J064Wi 


9.40 


88,.1|]00 


3.0(1594 


9.69536 


830,584 


2.1101B 


4.,'S4684 


9.79586 


•lOSiSa 


9.41 
9.42 
9.43 


88,6481 
88,7.^64 
88,9249 


3,06757 
3.06920 
3.070H3 


9J0567 
9.T10B2 


833,238 
835,897 
838,582 


2.11120 
2.11190 
2.11270 


4.6*845 
4.65006 
4.66167 


9,79933 
9,80280 
9,80627 


: 106157 
.100045 


9.44 

H.4fl 
9.48 


89,1136 
89.3025 
89,4916 


3.ora4« 

3.DT409 
3.07571 


9.71597 
9.72111 
B.72C26 


841,232 
813,909 
848.591 


2.11»4 
2.11419 
2.114A4 


4.B53'28 
4.55488 


9,80974 
«,!<I320 
9.81666 


.108932 
,103830 
.106708 


9,47 
9.48 
9.49 


«9,fiS09 
89,8704 


3.07734 
3.07896 
3.08068 


9.73139 
9!74166 


849,278 
861,971 
864,670 


2.I15S8 
2.11043 

2.11717 


4.56809 
4.B6970 


9,82013 
9,82367 
9,82703 


,105697 
.106485 
,106374 


B.BO 


90.2™ 


3.08221 


9-74679 


857,376 


2.11791 


4,66290 


9.8.KH8 


,10inS! 


« / 


n" 


Vn 


vio^ 


m» 






l/« 


^ 


■i'lOn 


4'lUUn 
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Powers —Boots — 
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Mtds 




ni 


n 


n" 


V» 


Vio™ 


n" 


</n 


</im 


i/im~n 


l/n 


9.fi0 


90.3EOO 


3.mm 


11.74679 


857.37S 


a.inm 


4.50-290 


9.83018 


.105263 


9.Ba 

H.50 

9.57 
9^ 


90.B-209 
91.0116 
9l!39:t6 
91.5849 
91.7764 
Bl.9li81 


.1.08383 
3.08510 
3.08707 
3.08869 
3.09031 
3.09192 
3.09334 
3.09016 
3.09077 


9.73192 
9.76705 
9.76217 
9.7G729 
9.77341 
9.77753 
9.78264 
9,78778 
9.793SS 


860.088 
862.801 
868.333 

868,251 
870.«M 
873.733 
876.467 
879.218 
881.974 


3.118H5 
2.11910 
2.13014 

3.12088 
2.12163 
2.122;)6 
2.13310 
3.12384 


4.56450 
4.,W(ilO 
4.BB770 
4.nffll.10 
4.D7089 
4,67249 
4.67408 
4.57567 
4 57727 


9-8;i.193 
9.83737 
9.84081 
9.84425 
9.84769 
9,85113 
9.85456 
9.857U9 
9,86143 


.105163 
.11)5012 
.1049;K 
.104833 
.101712 
.104603 
.104493 
.104384 
.104275 


9.60 


92.1600 


3.09839 


9.7979H 


S84.T36 


2.I3B33 


4.57886 


9,86185 


.104167 


9.611 

9.63 
9.64 
9.66 
9.66 
B.6T 
9.68 


92.3521 
Bajkt44 
92.73(19 
93.9296 
93.1225 
93.31E6 
H3.aOS9 
93.7034 


3.10000 
3.10161 
3.10323 
3.10183 
3!lOH(Ki 
3.10966 
3.11127 


9.80306 
9.80816 

9.HI8.'i5 
9.82344 
9.82853 
B.83362 
9.8:i870 
9.81378 


887.504 
8!I0.L'77 

81B.M1 
898.632 
901.429 
904.331 
907.039 
il09.K53 


2.12605 
2.12679 
2,12753 
2,12826 
3.I21W0 
2.12974 
2.13047 
2.13120 
2.1319} 


4.58015 
4..18304 
4.68363 
4.68521 
4.68679 
4,68838 
4.58i)96 
4.59161 
4.50313 


9,86827 
9,87169 
y.87811 

&8819S 
9,88530 
9.88877 
9,89217 
9.89558 


.101068 
.103950 
.103842 
.103734 
.103027 
.103520 
.10;t413 
.103306 
.103199 


B.70 


91.090(> 


3,11448 


9.818S6 


912.673 


2,13367 


4.59470 


9.89808 


.103093 


9.71 
9.78 
9.73 
9.74 
9.70 
9.76 
9.77 
9.78 
».79 


91.2841 

9l!H72i) 
91.8676 
95.0826 
BD.25TK 
95.4029 
95.6484 
95.M41 


3.11609 
3.11709 
3.11929 
3.12090 
3.12250 
3.12410 
3.126T0 
3,13730 
3.12890 


9.85393 
9.85901 
9.86108 
9.86914 
9.87421 
9.87937 
9,884.13 
9;89444 


915.*'9 
918.330 
921.167 
934,010 
92II.HS9 
929.714 
!l32,n75 


2.13340 
2.1.1114 

2.13R60 
2.13706 

2.13779 


4.59028 
4..5978(i 
4.59943 
4.60101 
4.G02G8 
4.60416 
4.6ai73 


9-903:tB 
9.90578 
9.90918 
it.9]35T 
9.91 9;i5 
9 92274 
9.92613 
9.92*10 


,102987 
,102881 
.103775 
.10366!) 
.102664 
.1024.59 
.102354 
.102240 
.102145 


B.ao 


9f;.U400 


3,13060 


9.8ilW9 


!>r ■ . . ■- ;..ii>u 


9.93288 
9,10626 
9!W301 
n.Mfi.-« 
0.iM975 
9.95311 
9.9B618 
9.95984 
9.96320 


.102041 


9.81 
9.82 
9.tl3 
9.84 
9.85 
9,86 
9.BT 
9!89 


96.3361 
96.4334 
96.6389 

97,023.'-. 
97.2196 
97.4169 
U7.til44 
97.8131 




3.13209 
S.13369 
3.13B28 
1.13088 
3,13847 
J.14006 
J.141ti6 
3.14335 


9!i0959 
9.91464 
9.91968 
9!93976 
9.9.1479 
9.93le3 
9,9448.-5 


919.»li2 
SB3.764 
958:583 
961,.™ 
9li7!:«3 


3.142H8 
3.I4^UI1 
2.11433 
2.14506 
2.14578 


l'61514 
4.61670 
4!6I983 
4,62139 
4.63395 
4.62451 


-101937 
.101833 
.101729 
.101626 
.101533 

,101317 
.101215 

.nil 12 


fl.SD 


98.0100 




f.M^iS 


9.9»!I87 


070.209 


3.14723 


4.62607 


9.966.^6 


.101010 


9.91 
B.02 
9.93 
9.91 
9.ffi 
9.B6 
9.97 
9.98 
9,99 


98.3081 
98.4064 
gg.(KH9 
98.3030 
99.003n 
99.2016 
99,4009 




3.14802 
J.14B60 
ii.l5U9 
3.15378 
3.1M36 
3.15BKS 
1.157.53 


9.!t1490 
9.95992 
9.96194 
9. 96995 
9.97497 
9.97998 
9.9R499 
9.98999 


973.242 
976.191 

979.147 
982.108 
98.1.076 
988.M8 
991,037 
994.012 


2.14790 
2.14867 
2.14940 
2.15012 
2.1.'10&l 
2.151B6 
2.16328 
2.ir.300 


4.63713 
4.62918 
4.63OT3 
4.63339 
4.63381 
4.6.1fl;i9 
4.036.91 
4.6.1849 
4.61001 


9.96991 
9.97;i2li 
9.97601 
9.97996 
9.98331 
9-98666 
9.98999 
9.99333 
9.99667 


.100908 
,100806 
.lOOTIB 
.100801 
.100503 
.100402 
.100301 
-100200 
.100100 


1000 


lOO.OIXl 


3-l(i228 


lo.awo 


1000.00 


2.15443 


l.tMl.W 


10.0000 


-100000 


n 


n' 


Vn 


ViOn 


n*" 


i^ 


■yjoS 


-S'ioo^ 


l/» 
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.33tt47 

.4 0547 

7000 



7.7i)3 7.H80 7.9fiO 
H.439 S.480 8. 

ig B.6GI a. 



g.U58 9.II71 ' 
0.789 9.802 ' 
H.'JOli 9.»17 ' 



•0436 TiSS •2222 

9002 98B5 •0701 

7003 7703 SB18 

43S9 6066 6T67 

1311 1871 2527 

TS23 8213 SSnS 

3M9 4232 4812 

9333 9881 "Oiaa 

4710 (1233 5752 



0.7 4194 

S84(j 

0.8 3291 



4GB9 5142 5612 
9209 9751 "O " 
372B 4157 4587 



9695 VOOSS ^0430 

3318 3674 4028 

68ia T158 7500 

■oiw •0528 'oasa 

3463 3783 4103 

6627 0938 7248 

9690 9996 "0297 



1103 1372 1641 
3763 4025 4280 
635466006804 



S387 8614 8840 

0630 0851 1073 

2823 30.19 33.^ 

4969 BlSl 5393 

7070 7277 7485 

9I2T 9331 9534 

1144 1M3 1,^42 



3922 4879 BB27 

•3103 "39:6 "4842 

9267 "OOIO •0748 

6464 7106 7844 

3178 3825 4469 

9470 •0078 •0683 



i •1784 •2271 



5016 5442 6866 

9200 9609 •0016 

321G mis 4" 

7078 74S6 T833 

•07B6 •llfiO •1523 

4380 4T32 0082 

7841 8181 8fil9 

"1186 Inn •1841 



7.311 7,474 7.5! 



9.438 9.455 9.4T2 

9.600 9.614 9.629 

9.739 9.752 9.764 

9.861 9.872 9.883 

9.970 9.980 9.990 

6766 7696 8618 

•5700 •6S51 •7396 

•3902 ■4680 •B464 

•1481 •2308 "2930 



9066 9290 9515 



1741 1939 2137 



•2756 •3237 •3716 



•1886 •2246 "3604 
5431 6779 6120 
88C6 9192 9527 



7257 7536 7815 



7118 7372 7624 



•0364 •0610 *OKH 

2792 3031 

6161 5396 5639 

7476 7706 """ 

9739 9962 "OISS 

1951 2170 2388 

4116 4330 4M3 



233* 2531 2728 



vm 




Napierian 


or Natural 


Logarithms 
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H 





1 


2 


8 


4 


5 


6 


7 


8 


9 


6.0 


1.60944 


1144 


1343 


1542 


1741 


1939 


2137 


2334 


2531 


2728 


6.1 
6.2 
5.3 


2924 
4866 
6771 


3120 
5058 
6959 


3315 
5250 
7147 


3511 
5441 
7335 


3705 
5632 
7523 


3900 
5823 
7710 


4094 
6013 
7896 


4287 
6203 
8083 


4481 
6393 
8269 


4673 
6582 
8455 


5.4 
5.5 
5.6 


8640 

1.70475 

2277 


8825 
0656 
2455 


9010 
0838 
2633 


9194 
1019 
2811 


9378 
1199 
2988 


9562 
1380 
3166 


9745 
1560 
3342 


9928 
1740 
3519 


•0111 
1919 
3695 


•0293 
2098 
3871 


5.7 

5.8 
5.9 


4047 
5786 
7495 


4222 
5958 
7665 


4397 
6130 

7834 


4572 
6302 
8002 


4746 
6473 
8171 


4920 
6644 
8339 


5094 
6815 
8507 


5267 
6985 
8675 


5440 
7156 
8842 


5613 
7326 
9009 


6.0 


9176 


9342 


9509 


9675 


9840 


•0006 


♦0171 


♦0336 


•0500 


•0665 


6.1 
6.2 
6.3 


1.80829 
2455 
4055 


0993 
2616 
4214 


1156 
2777 
4372 


1319 
2938 
4530 


1482 
3098 
4688 


1645 
3258 
4845 


1808 
3418 
5003 


1970 
3578 
5160 


2132 
3737 
6317 


2294 
3896 
5473 


6.4 
6.5 
6.6 


5630 
7180 
8707 


5786 
7334 
8858 


5942 
7487 
9010 


6097 
7641 
9160 


6253 
7794 
9311 


6408 
7947 
9462 


6563 
8099 
9612 


6718 
8261 
9762 


6872 
8403 
9912 


7026 

8556 

•0061 


6.7 
6.8 
6.9 


1.90211 

1692 

»3152 


0360 
i839 
3297 


0509 
1986 
3442 


0658 
2132 
3586 


0806 
2279 
3730 


0954 
2425 
3874 


1102 
2571 
4018 


1250 
2716 
4162 


1398 
2862 
4305 


1545 
3007 
4448 


7.0 


4591 


4734 


4876 


5019 


5161 


5303 


5446 


6686 


6727 


5869 


7.1 
7.2 
7.3 


6009 
7408 
8787 


6150 
7547 
8924 


6291 
7685 
9061 


6431 
7824 
9198 


6571 
7962 
9334 


6711 
8100 
9470 


6861 
8238 
9606 


6991 
8376 
9742 


7130 
8513 
9877 


7269 

8650 

•0013 


7.4 
7.5 
7.6 


2.00148 
1490 
2815 


0283 
1624 
2946 


0418 
1757 
3078 


0563 
1890 
3209 


0687 
2022 
3340 


0821 
2165 
3471 


0956 
2287 
3601 


1089 
2419 
3732 


1223 
2551 
3862 


1357 
2683 
3992 


7.7 
7.8 
7.9 


4122 
5412 
6686 


4252 
5540 
6813 


4381 
5668 
6939 


4511 
5796 
7065 


4640 
5924 
7191 


4769 
6051 
7317 


4898 
6179 
7443 


6027 
6306 
7568 


5156 
6433 
7694 


5284 
6560 
7819 


8.0 


7944 


8069 


8194 


8318 


8443 


8567 


8691 


8815 


8939 


9063 


8.1 
8.2 
8.3 


9186 

2.10413 

1626 


9310 
0535 
1746 


9433 
0657 
1866 


9556 
0779 
1986 


9679 
0900 
2106 


9802 
1021 
2226 


9924 
1142 
2346 


•0047 
1263 
2465 


•0169 
1384 
2685 


•0291 
1505 
2704 


8.4 
8.5 
8.6 


2823 
400r 
5176 


2942 
4124 
5292 


3061 
4242 
5409 


3180 
4359 
5524 


3298 
4476 
5640 


3417 
4593 
6766 


3535 
4710 
5871 


3663 
4827 
5987 


3771 
4943 
6102 


3889 
5060 
6217 


8.7 
8.8 
8.9 


6332 
7475 
8605 


6447 
7589 
8717 


6562 
7702 
8a30 


6677 
7816 
8942 


6791 
7929 
9054 


6905 
8042 
9165 


7020 
8165 
9277 


7134 
8267 
9389 


7248 
8380 
9500 


7361 
8493 
9611 


9.0 


9722 


9834 


9944 


•0055 


♦0166 


•0276 


♦0387 


•0497 


•0607 


•0717 


9.1 
9.2 
9.3 


2.20827 
1920 
3001 


0937 
2029 
3109 


1047 
2138 
3216 


1157 
2246 
3324 


1266 
2354 
3431 


1375 
2462 
3538 


1486 
2570 
3646 


1694 
2678 
3751 


1703 
2786 
3868 


1812 
2894 
3965 


9.4 
9.5 
9.6 


4071 
5129 
6176 


4177 
5234 
6280 


4284 
5339 
6384 


4390 
5444 
6488 


4496 
5549 
6592 


4601 
5654 
6696 


4707 
5769 
6799 


4813 
5863 
6903 


4918 
5968 
7006 


5024 
6072 
7109 


9.7 
9.8 
9.9 


7213 
8238 
9253 


7316 
8340 
9354 


7419 
8442 
9455 


7521 
8544 
9556 


7624 
8646 
9657 


7727 
8747 
9757 


7829 
8849 
9868 


7932 
8950 
9958 


8034 

9061 

•0058 


8136 

9152 

•0158 


10.0 


2.30259 


0358 


0458 


0558 


0658 


0757 


0857 


0956 


1055 


1154 


V 





1 


2 


8 


4 


5 


6 


7 


8 


9 
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-10 to 99 


[VII 


10 

11 

12 
13 
14 

15 

16 
17 
18 
19 

20 

21 
22 
23 
24 


2.30259 


25 

26 

27 
28 
29 

80 

31 
32 
33 
34 

85 

36 
37 
38 
39 


3.21888 


40 


3.68888 


55 

56 
57 
58 
59 

60 

61 
62 
63 
64 

65 

66 
67 
68 
69 


4.00733 


70 


4.24850 


85 

86 
87 
88 
89 

90 

91 
92 
93 
94 

95 

96 
97 
98 
99 


4.44265 


2.39790 
2.48491 
2.56496 
2.63906 


3.25810 
3.29584 
3.33220 
3.36730 

3.40120 


41 
42 
43 
44 

45 

46 

47 
48 
49 

50 

51 
52 
53 
54 


3.71^-17 
3.73767 
3.7(J120 
3.78419 


4.02535 
4.04305 
4.06044 
4.07754 


71 
72 
73 

74 

75 

76 
77 
78 
79 

80 

81 
82 
83 
84 


4.26268 
4.27667 
4.29046 
4.30407 


4.45435 
4.46591 
4.47734 
4.48864 


2.70805 


3.80666 


4.09434 


4.31749 


4.49981 


2.77259 
2.83321 
2.89037 
2.94444 


3.43399 
3.46574 
3.49651 
3.5263(: 


3.82864 
3.85015 
3.87120 
3.89182 


4.11087 
4.12713 
4.14313 
4.15888 


4.33073 
4.34381 
4.35671 
4.36945 


4.51086 
4.52179 
4.53260 
4.54329 


2.99573 


3.555a5 


3.91202 


4.17439 


4.38203 


4.55388 


3.04452 
3.09104 
3.13549 
3.17805 


3.58352 
3.61092 
3.63759 
3.66356 


3.93183 
3.95124 
3.97029 
3.98898 


4.18965 
4.20469 
4.21951 
4.23411 


4.39445 
4.40672 
4.41884 
4.43082 


4.66435 
4.57471 
4.58497 
4.59512 



NAPIERIAN OR NATURAL LOGARITHMS » 100 TO 409 



N 



10 



11 
12 
13 

14 
15 
16 

17 
18 
19 



20 



21 
22 
23 

24 
25 
26 

27 
28 
29 



80 



31 
32 
33 

34 
35 
36 

37 
38 
39 



/ 



40 

N i 



4.60517 



4.7 0048 

8749 

4.86753 

4.94164 

5.01064 

7517 

5.1 3580 

9296 

5.2 4702 



9832 



6.34711 
9363 

5.4 3808 

8064 

5.5 2146 
6068 

9842 

5.6 3479 
6988 



5.7 0378 



3657 
6832 
9909 

5.82895 
5793 
8610 

5.91350 
4017 
6615 



9146 



2 



8 



1512 2497 3473 



0953 
9579 
7620 

4876 
1728 
8140 

4166 
9850 
5227 



1850 

«0402 

8280 

6583 

2388 
8760 

4749 

«0401 

5750 



2739 

*1218 

9035 

6284 
3044 
9376 

5329 

♦0949 

6269 



♦0330 •0827 *1321 



5186 
9816 
4242 

8480 
2545 
6452 

•0212 
3835 
7332 



5659 

•0268 

4674 

8894 
2943 
6834 

•0580 
4191 
7675 



6129 

•0717 

5104 

9306 
3339 
7215 

•0947 
4545 
8017 



0711 1043 1373 



3979 

7144 

♦0212 

3188 
6079 
8888 

1620 
4280 
6871 



4300 

7455 

•0513 

3481 
6363 
9164 

1889 
4542 
7126 



4620 

7765 

•0814 

3773 
6647 
9440 

2158 
4803 
7381 



9396 9645 9894 



I 1 



3 



6 



4439 5396 6344 



3620 

•2028 

9784 

6981 
3695 
9987 

6906 

•1494 

6786 



4493 
•2831 
•0627 

7673 

4343 

•0595 

6479 

•2036 

7300 



5359 
•3628 
•1265 

8361 

4986 

•1199 

7048 

•2575 

7811 



•1812 *2301 *2788 



6598 

•1165 

5532 

9717 
3733 
7595 

•1313 
4897 
8358 



7064 

•1610 

6959 

•0126 
4126 
7973 

•1677 
6249 
8698 



7628 

•2053 

6383 

*05a3 
4518 
8350 

•2040 
5599 
9036 



1703 2031 2359 



4939 

8074 

♦1114 

4064 
6a30 
9715 

2426 
5064 
7635 



5257 

8383 
•1413 

4354 
7212 
9990 

2693 
5324 

7889 



5674 

8690 

♦1711 

4644 

7493 

•0263 

2959 
6684 
8141 



♦0141 ^0389 •0635 



6 



8 



9 



7283 8213 9ia5 



6217 
•4419 
•1998 

9043 

5626 

•1799 

7616 

•3111 

8320 



7068 
•6203 
•2726 

9721 

6260 

•2396 

8178 
*3644 

8827 



7912 
•5981 
•3447 

•0395 

6890 

•2990 

8739 

•4175 

9330 



•3272 •3754 ♦42,33 



7990 

•2495 

6806 

•0939 
4908 
8725 

•2402 
5948 
9373 



8450 
•2935 

7227 

*>1343 
5296 
9099 

•2762 
6296 
^709 



8fK)7 

•3372 

7646 

♦1745 
6683 
9471 

•3121 

6643 

•0044 



2685 3010 3334 



5890 

8996 

•2008 

4932 

7774 
•0536 

3226 
6842 
8394 



6205 

9301 

•2305 

5220 

8053 

•0808 

3489 
6101 
8645 



6519 

9606 

•2600 

5607 

8332 

•1080 

3754 
6358 
8896 



•0881 •1127 ^1372 



8 



Above 409, use the formula log, 10 n = ^oge n -V^o^e^a =\c>%eU-V*l3«K«SRR, 
or the form ula, loge n = \os« 10 • lofti'^'"'^ ^ *i.'^fif»^?f!^A^^\^'^» 




BRIEF TABLES 
PRINCIPALLY TO FOUR PLACES 
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Table A 


-Four 


Flft 


ee ] 


-oga 


riiliins 




[A 


H 





1 


a 


i 


4 


s 


6 


t 


8 


a 


133 


4 5 6 


7 8 9 


10 


0000 


oo4;i 


ami 


0138 


0170 


0312 


0253 


02iM 


0331 


0374 


4 8 12 


17 21 3.5 


39 33 37 


11 
12 
13 


0414 
0792 
113B 


04!i3 
1173 


0493 
0864 
1206 


0531 
0899 
1239 


0669 
0934 
1271 


0607 
130£ 


06*5 
1004 
1336 


0682 
1038 
13OT 


0719 
1073 
1399 


0755 
1106 
1430 


4 8 11 
3 7 10 


15 10 23 
14 IT 21 
13 16 19 


26 30 34 
34 28 31 
33 36 38 


14 
IB 

16 


14B1 
1761 
2041 


14B2 

1790 
2068 


209B 


1553 

184T 
3132 


1584 
1870 
2148 


1614 
1903 
2176 


1644 
1931 
2201 


1673 
1959 

2227 


1703 
1987 


1735 
2014 
3279 


3 9 
3 6 8 


1215 
1114 
1113 


8 
7 


3124 37 
30 23 26 
18 3124 


IT 
IB 
19 


3304 

2788 


2330 

3BT7 
2810 


Z3BG 
2601 

2833 


238t 

28ltf 


2878 


3430 

2900 


2466 
201B 
2923 


2480 
2718 
2945 


3604 
2742 
2967 


2766 
2989 


2 5 T 

3 7 
2 4 T 


1013 
9 13 


6 
3 


IT 20 22 

16 19 31 
16 18 20 


£0 


301t 


3032 


3054 


30T5 


3096 


3118 


3139 


3160 


3181 


3201 


3 4 6 


^Fio" 

7 9 


2 

2 


16 IT 19 


2t 
22 


3222 
3124 

3617 


3243 
3444 

3636 


3263 
365J 


sm 

367^ 


3304 
3692 


3334 

3711 


3346 
373! 


3365 
3747 


3385 
3679 
3T66 


3404 
3784 


3 4 6 
3 4 6 
3 4 6 


141618 
14 16 17 
1316 17 


2S 

2& 


380; 
3979 
4160 


3S20 
3997 
4166 


3S3« 
4183 


3836 
4031 


3874 
«48 
4216 


3892 
4066 
4232 


3909 
4082 
4249 


393T 
4099 
4266 


3M6 
4281 


3963 
4133 
4298 


2 4 5 
2 4 6 
2 3 6 


T 9 


1 



121418 
12 14 16 
11 13 15 


27 
28 
29 


4314 

4473 
4624 


4330 

44H7 
4639 


4346 
4502 


4362 


4378 
4533 
46B3 


4391 
469* 


4409 
471: 


4425 
4.'.79 


444C 
4742 


4460 
4609 
4757 


2 3 6 

3 3 5 
1 3 4 


6 8 
6 8 
6 7 


9 
» 
9 


1112 14 
1112 14 
10 12 13 


SO 

31 
33 


4771 


4786 


480Q 
4943 
0079 
5211 


4814 


4829 


4ft43 


4857 


48T1 


4886 


4900 


1 3 4I 6 7 9 


10 11 13 


4914 
5185 


.W6S 
5198 


4955 
5093 
6224 


4960 
6105 
5237 


4983 
6119 
5260 


4997 
6132 
6263 


6011 
62Te 


5024! 9038 
61511' 5172 
63a9|5302 


1 3 4 

1 3 4 


5 T 

6 7 

B T 


8 
8 
8 


101113 
91112 


34 
39 
36 


B310 
5441 
5563 


5331 
5675 


6340 
6465 
5687 


6353 
5418 
55U9 


636S 
6490 
DBll 


6378 
6S02 
6633 


6391 
6514 
6636 


M03 
5.'>27 
6M7 


6416! 5428 
56391 5551 
66S8J6670 


13 4 
1 3 4 
12 4 


6 6 
6 6 


8 

7 
7 


910 11 
910 11 
810 11 


37 
38 
39 


5682 
5796 
GDll 


BBS* 
B92S 


693; 


8717 
B944 


6966 


6T4( 
696( 


B762 
6866 
8977 


6763 
6877 
£988 


6775 
688t 


5786 

S 


13 4 
1 2 3 


5 6 
4 5 


T 

7 


8 911 
8 910 
8 910 


40 


e02I 


6031 


6012 


6063 


6064 


607B 


608G 


6096 


0107 


6117 


1 2 3 


4 5 6 


8 BID 


41 

43 
43 


6128 
8332 
6335 


6138 
6243 
6345 


6365 


8160 

6365 


6170 
6374 
63r5 


6180 
6384 
6385 


6191 
62M 
6HiB 


6201 
M0£ 


6213 
6314 
6416 


E 


1 2 3 

13 3 
1 2 3 


4 6 
4 6 
4 


6 
6 


7 8 9 
7 8 9 
7 8 S 


44 
4S 

46 


643S 
653; 


6444 

6M2 
6637 


6454 
6951 
6646 


0464 
6661 
6656 


64T4 
6671 
6665 


6184 
6680 
6BT5 


6493 
6590 
6684 


6503 
6590 


6513 
6609 
6702 


6712 


1 2 3 
1 2 3 
1 2 3 


4 6 

4 6 


6 


T 8 9 
7 8 9 

7 T 8 


47 
48 
41> 


<t72] 
6902 


8730 
6831 
6911 


6739 

em 

7007 


8749 
6830 
6928 


6T58 
6843 


6767 
6867 
(i946 


6TT6 
69,^ 


68Tf 


6794 
688^ 


6803 


13 3 
12 3 


4 5 
4 4 


6 


T 7 ft 
6 7 S 


GO 


fioon 


Km 


7016 


7024 


7a33 


7042 


70.50 


7059 


70!iT 


1 2 3 


3 4 


6 


6 7 8 


63 


7343 


7084 
7168 
7251 


7003 
7177 
7259 


718; 
7267 


7110 
7193 
7375 


7118 
7202 

Taw 


7126 
7210 
7292 


T13! 
T30I 


7143 
7228 
7308 


7153 
7235 
7316 


1 3 3 
1 3 3 

1 2 3 


3 4 
3 4 


6 

6 
6 


B 7 « 
6 7 1 
6 6 7 


(U 


T:m 


7W 


73W 


734H 


7356 


7364 


T:t7? 


7;wo 


7388 


7;«K 


1 3 2 


3 4 


5 


6 6 I 


N 





1 


2 


s 


4 


5 


6 


7 


S 


fl 


1 3 2 


4 6 6 


7 B 9 



Tlie proportional p&rts are stated la full lor ever; tenth at the right>hand al<l<' 
I3m JtykriUun of aaj namtMr of lour slgolflcuit figiireB caa be read dliactly b; *^ 



Table A — Fonr Place Logarithms 



H 





1 


2 


3 


4 


S 


9 


7 


8 


9 


1 2 3 


16 6 


7 8 8 




7«M 
7482 
75fi9 
7634 
7T09 


7412 
7490 
7G66 
76*2 
7716 


7419 
7497 

7649 
7)23 


7427 
7B05 
7682 


7435 
7613 
7689 
7664 
7738 


7443 
7520 
7697 
7673 
7746 


7461 
7628 
7(104 
7679 
7763 


7459 
7536 
7612 
7686 
7760 


7466 
7.M3 
7619 
7694 
7767 


7474 
7561 
7627 
7701 
7774 


1 a 3 

13 2 
1 1 2 


3 4 6 
3J4 5 
3 4 6 
3 4 4 


6 6 7 

5 6 7 

6 6 7 
6 6 7 
6 6 7 


ID 


7782 


7789 


77% 


7803 


7810 


7S18 


7826 


7832 


7839 


784i: 


1 1 2 


3 4 4 


5 8 6 


1! 

i 

67 


7853 
7924 
7993 

8129 
S195 
82ei 
8325 
8388 


7S60 
7931 
8000 
8069 
8136 
8302 
8267 
8331 
8396 


7868 
7938 
8007 

8142 
8209 
B274 


7875 
7945 
8014 

8149 
8316 
8280 
8344 
8407 


7882 
7952 
8021 
8089 
8166 

8287 

8351 

84U 


7959 
8028 
S096 
8162 
8228 

8357 
8420 


7896 
796G 

srm 

8169 

8303 
8426 


7973 
S041 

8176 
8241 

8306 
8370 
8432 


7910 
7980 
80*8 
8116 
8182 
8248 
8312 
8376 
8439 


7917 
7987 
8066 

8189 
825* 
S319 
8382 
8445 


1 1 2 
1 1 2 
1 1 3 
1 1 2 
1 1 3 
1 1 2 


3 3 4 
3 3 4 

3 3 4 
3 3 4 
3 3 4 
3 3 4 


6 6 6 
6 6 6 
6 6 

5 6 6 

6 6 6 
S 6 6 
4 6 
4 6 6 


70 


8451 


84B7 


8463 


M7C 


8476 


8482 


8488 


8494 


8500 


8606 


1 1 2 


3 3 4 


4 6 6 


71 

7ti 
11 

'4 

SO 


8613 
8573 
8633 

8751 
S808 
8865 
897< 


8B19 
8S79 

S639 

87S( 
8814 
8871 
8921 


8585 
864S 

87(H 
8762 
B820 
S87b 
8932 
8987 


8631 
8591 
8661 
8710 
8768 

8882 
899; 


B 

8657 
877^ 

8831 
8887 
8943 
8998 


86*3 
8603 
8663 
8722 
8837 

894t 
9004 


8649 
8609 
8669 

8785 
8812 
8899 
B964 
9009 


Si66 
8616 
8675 
8733 
8791 
8848 

E 


mi 

s\ 

8739 
8T97 
8854 
8910 

6m 


8567 
8627 
8686 

mf. 

S915 
8971 


1 1 3 
1 1 3 
1 1 3 
1 1 3 
1 1 3 
1 1 3 
1 1 2 
1 1 2 


3 3 4 
3 3 4 
2 3 4 

2 3 3 
2 3 3 

2 3 3 


4 6 6 
4 6 6 
4 6 S 
4 5 B 
* 4 5 
4 4 S 
4 4 
4 4 6 


H031 


B03fi 


9(M2 


9M7 


90.'i3 


9058 


9063 


9069 


9074 


9079 


I 1 2 


3 3 3 


4 4 


SI 
S3 

87 
S8 
89 


9085 
9138 
9191 
9243 
9345 
9395 
9440 
W94 


9090 
9143 

9196 
9241 
935( 
9400 
9450 
9499 
9M7 


9096 
9149 
9201 

9304 
9356 
94a5 
i>455 
9504 


9101 
9154 

936( 
9(10 
94H0 
9509 


9106 
9159 
9212 
933 
9318 
9366 
9416 
9465 
9613 


9112 

ss 

9269 
932( 

9420 
1M69 
9618 


9117 
BSffl 
9274 
9325 
93T5 
9425 
9474 
9623 


9l7i 
0227 
9279 
9330 
9380 
M30 
M79 
9528 


912! 

9284 
9335 
9385 
9435 
9484 
9533 


9133 
9181 

9.1ii 
9390 
9440 
9489 
9538 


1 1 2 
1 1 2 

1 1 3 
1 1 2 
1 1 2 
1 1 3 

1 i 

1 1 


2 3 3 
2 3 3 

2 3 3 

3 3 3 
2 3 3 
2 3 3 

2 2 3 

2 2 3 


4 4 
4 4 5 
4 4 6 
4 4 S 
4 4 5 
4 4 6 
4 4 5 
3 4 4 
3 4 4 


ao 


9542 


9Sn2 


9557 


9662 


9666 


9671 


9578 


9381 


9586 


I 1 


2 2 3 


3 4 4 


91 

i 
i 

97 

m 

!t9 


9590 
963( 

OT3I 

9n7 

9823 
986S 
9912 
9il5fl 


959H 
(B43 
9689 
9736 
9782 
9627 
9873 
9917 

mi 


9600 
9647 
9694 
9741 
9786 
9832 
*7T 
9931 
99(i6 


9606 
9652 
9699 
9746 
9791 
9836 
9SBI 
9926 
9969 


9609 
9657 
9703 
9750 

9886 
9930 
9974 


9708 
9754 
9800 
9846 
9890 
9934 
9978 


9019 
9666 
9713 
9759 
9805 
9850 
989* 
993< 
9983 


9624 

11671 
9717 
9763 
9809 
9854 

998- 


9628 
9676 
9722 
9768 
9H14 
9869 

9941 
9991 


9633 

1? 

9773 
9818 
9863 
9901 
9996 


1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
X 1 


2 3 3 

2 2 3 

3 2 3 
3 2 3 
2 2 3 

2 2 3 

3 2 3 


3 4 4 
3 4 4 
3 4 4 
3 4 4 
3 4 4 

3*4 

3 3 4 
3 3 4 


■N 





1 


2 


s 


4 


s 


6 


T 


B 


9 


1 3 3 




7 8 9 



Table B— Antllogaiithms to Four Places 








1 1 2 


3 


4^16 




9 


1 3 3 


4 5 6 


7 8 9 


.DO 


1000 


inn- 


imB 


im 


loiT 

1057 

ir 


! 1 1 14 




1019 


1021 


1 


1 1 1 


2 2 2 


,01 
,02 
.03 
.0* 
.OS 
.06 
.07 
.08 
.09 
.10 
.11 
.13 
.13 
.14 

-la 

.i« 

:i 


1045 
107" 

icm 

1148 
117fl 
1*" 

l-M 

i2s; 

1349 
ITSO 
1440 
1471) 
1S14 


103 

107J 
10^ 
ll" 


110" 


1079 
1101 

mo 


10ft 
IIO" 


108b 
1112 
11(8 
1164 

nil 

1 IH 


10H<1 
11 H 
1167 

IIM 
l*a 
1250 


1067 
1091 
1117 
1169 
1197 
I23B 
1353 
1382 


104.1 
1069 
1094 
1119 
1173 
1199 
1337 
1250 
1283 


1 
1 

1 1 

1 1 


1 1 I 
I 1 1 
1 1 1 

1 1 2 
1 1 3 

113 
1 1 3 


2 2 2 

2 2 2 

3 3 2 

2 2 3 

3 3 2 
3 3 3 


1 1 


ne 


no 




1 1 3 


2 2 3 


144n 
1483 


1521 


I48i) 
lft24 


Is 


11. 

1498 
1S31 
1567 


1.J7 
1j68 
140( 
1406 
IHOO 

isai 

1570 


1309 
1140 
13"! 
IIOJ 
14.15 

1603 
16.38 


1312 
1374 
1406 
14:i9 
1473 
IW7 


I31B 

1MB: 

1377 
1409 
I«6 
IBIO 




1 3 3 
1 3 3 
1 3 2 
13 2 
1 2 2 
1 2 3 
1 3 3 
1 3 3 


3 2 3 

2 3 3 

3 3 3 

2 3 3 
2 3 3 
2 3 3 
2 3 3 


I 

.24 

.s 

.27 
.29 


15H5 
1622 
1660 
1698 
1738 
177B 
IKH) 
1862 
Ift-iC 


1589 

1663 
1702 
174i 
1834 
18IK 
105J 
2000 


15^ 
1629 
1706 
1746 
1780 
1838 
1871 


159U 


1600 


1603 


1B07 


1611 


1614 


1618 




1 3 2 


3 3 3 


1633 
imi 
1710 
1760 
1791 
1833 
187S 


1675 
1714 
1764 
1837 
1879 
192.1 


I7li 
1768 
1799 
1841 
18ft 


172; 
1762 
1803 
1819 
1888 
1932 
1977 


1726 
1761. 
1807 

1802 
19» 


lft53 

ira 

177( 
18« 
18^ 
1041 
1986 


16* 
1734 
177' 
185t 
1001 
194B 




2 3 3 
2 3 3 

a 3 3 

2 3 3 
2 2 3 


3 3 3 
3 3 3 

3 3 4 
3 3 4 
3 3 4 
3 3 4 
3 4 4 
3 4 4 


.80 


IBiB 


2rxn 


2009 


2014 


3018 


2033 


2028 


2o;h 


3017 




2 2 3 


3 4 4 


.34 

■s 

.37 

,3H 
.39 


2012 
313i 

233! 
2291 
2R44 

3399 
3455 


9143 

334^ 
2206 


209( 
2148 
2198 
2249 
2301 
33KI 
2410 
2466 


3104 
21S3 

2254 
2307 
2360 
2475 


2109 
3158 
3208 
2259 
3313 
2360 
2471 


20(U 
316! 
S213 
3365 
2317 
2371 
3483 


207( 
316) 
3218 
2270 
2323 
83n 
2431 


267; 
217f 
223; 

2383 
3438 


2080 
2128 
2178 
2228 

2W 


2084 
3133 
3183 

a 

2339 
3393 
244B 

3606 


I 1 2 
1 1 2 

1 1 2 
1 1 2 
1 1 2 
1 1 S 


2 3 3 
2 2 3 

2 3 3 

3 3 3 
2 3 3 

2 3 3 

3 3 3 
2 3 3 


3 4 4 
3 4 4 

3 4 4 

4 4 6 
4 4 5 

4 5 6 


.40 


2813 


2,118 


2S23 


an-ii 


2B35 


2541 


3547 


3563 


2B59 


2W1 


1 1 2 


2 3 4 


4 5 6 
4 5 6 

4 6 

5 5 6 

6 6 6 
6 6 6 


.47 

.48 
.49 


2S70 

3630 
3B93 

38S< 
2iBl 
30fi( 


2603 

i: 


2682 
3643 
2704 
37ffl 
2891 
306B 
3034 


2568 
2649 
2710 
27?3 

28;)a 

2904- 
2972 
3041 
3112 


27It 

278( 
2911 
3079 
3018 
3119 


2600 
2661 
273: 

2786 
2851 
2917 
2985 
;i055 
3126 


200() 
266T 
3729 
2793 
28S8 
3924 
3992 
3063 
3133 


2013 
3673 

2799 
3864 
303 

306i 
3141 


2618 
2871 


B 

3813 
2877 
2041 
301i 
3165 


1 1 2 
1 1 2 
1 1 3 

1 1 2 
1 1 2 
1 1 2 


3 3 4 
2 3 4 

2 3 4 

3 3 4 
3 3 4 
3 3 4 
3 3 4 



B] 




Table B 


— Antll(^rith-Ji8 to Fonr Places 


119 







1 


2 1 3 


4 


5 


6 


1 


8 1 9 


1 2 3 




7 8 9 


SO 
^1 
JSS 

jta 
M 
.5ft 

JI6 

.5!) 


3I6L 


3I7( 


sn-jsis 


31H-- 

ka 

3499 

3581 
3664 
3760 
3926 
4018 


■AW 

3350 
8428 

3B08 
3689 
3673 
3768 
3846 
3936 


3431 

3516 
359T 
3681 
3767 
38.V> 
394.5 


.■1314 

336i 
3443 
3634 

3606 
3690 
^B 
39ft! 


;i'V.! 


;i3'jK 


1 1 3 


3 4 4 


6 « T 


;t3i 

3*8T 
3M8 
363 
.TTl.' 
3B02 
3S90 


aim 

331!» 
3390 
347S 

ai36 

3639 
3734 
3«11 
381lil 


325 
3;fi!7 
3404 
3483 

3561 

3733 
3811 

mm 


saw 

3.1,'M 

Mia 

340 
3673 
3056 

m 

3S3N 
31)]7 


337: 
3461 

3533 
3BU 

3698 
3784 
387: 


346i 
3940 
3633 
3707 
3793 
3883 
3973 


1 I 3 
1 3 3 
1 2 a 

1 a a 

1 2 3 


3 4 4 
3 4 5 
3 4 5 
3 4 5 
3 4 6 
3 4 5 
3 4 5 


5 6 7 

6 6 7 
6 6 7 
6 7 7 
8 7 8 
6 7 8 
6 7 8 
6 7 8 


.60 


3081 


3990 39.« 


4009 


4027 


4036 


4ftK 


405H 


4064 


1 2 3 


4 5 8 


7 8 8 


.lil 

.62 
.63 

.1 

.m 

.67 
.68 
.((9 


40T4 
41^ 
4ajb 
43fi5 

44>)7 
45n 
4677 
4T86 
48IM 


4083 
«78 

fire 

4375 
4477 
4581 
4688 
4797 
4909 


4093 
4188 
4286 
4380 
448' 

469M 
4808 
4920 


4103 
4198 
439S 

ma 
tm 

4003 

4 

48 

/I 

55.14 
066 

6 

660 
66. 
64108 

71.1 
729p 

7CW 

I 


4111 
430; 
4406 
4508 
463 


4131 

4217 
4315 
4416 
4SI' 


4130 
4327 
4335 
4426 
4-W 

4 


4231 
4336 
4431 
*>4. 


4150 
4346 
4345 
44« 

4651 


4169 
43,V 
4365 
4457 
itHX) 
46B- 
77 


1 3 3 
1 3 3 
1 3 3 
1 3 3 


4 6 6 
4 5 6 
4 6 6 
4 6 
4 
6 
B 6 


7 8 9 
7 8 9 
7 8 9 
7 8 9 

7 9 10 

8 910 
8 9 10 
8 9 10 


.70 


5012 


5023 


5035 








8 nio 


.71 

.73 
.73 
.74 
.T» 

.76 

1 


H12D 
S244 

Hfl5 

0623 
S7M 

5888 

fiisa 


5140 

S 

6S08 
B63B 
6768 

6180 



637 

56 
56J9 

605 
b 04 


5546 ™ -B 
uBSq O 


VJ 4. 
B. "(B BS-B, 56 

B 6^28[5 


4 

3 4 
4 

4 
4 

3 5 
3 6 
2 5 
2 3 6 
2 i 5 

2 3 5 

3 4 6 

4 6 


5 

5 6 S 

6 8 
6 S 
6 8 


81011 
9 10 11 
9 10 11 
9 1012 
91113 
91112 
OH 13 
1113 
1113 


.u 


1(310 


6324 


a.m 




9 


01213 


1 

■IS 

87 
69 


8*57 
6607 
67fi] 

mis 

TOTS 
lU 
7413 
75*. 
7702 


fi47l 
HH22 
6T76 

7096 
72bl 

7430 
7603 
77SO 


trfse 

fl"SO 
7'»78 


7145 

7ill 


J98 
7161 
73:* 


V 
6855 
05 
7178 
7345 
7516 


6 4 

03 
7191 

7d62 
7134 


10 
6*87 
7^4T 
7 11 
7379 

7707 


0T45 
UO" 
7063 
7^38 
7396 
7568 


6 8 9 
8 9 

8 8 9 
8 

7 8 10 
7 8 10 

7 All 
7 9 11 


113 14 
11214 
11314 
1 13 15 
121315 
13 14 15 
121416 
13 14 16 
13 15 16 


90 


704! 


¥ 




1 


4 t 


7 11 


13 15 IT 


91 

oa 


8.118 
flSll 

8710 
8«13 
1120 
fflU 


H, I 
8710 
9141 
93.14 
^J5 


91(1 
9376 


13 


."s 


^ 


ii 


^1^- 


." 


9099 
1311 

T50 


4 6 

2 4 6 

4 7 


8 9 11 
8 10 12 
8 1013 

8 10 13 
91113 

9 1113 
9 1114 


13 16 17 

14 15 17 
14 16 18 

14 16 18 

15 17 19 

16 IT 19 
16 17 19 
16 18 30 
16 18 31 



} C — Fonr Place Trigonometric Fanctloiw 

ftlcsofL<iEsHthmBoinllted—deterruln.>l)y the nsnal rule ttoia the vslut 



.(1029 .1637 

.DOSH .ima 

.0087 ,9KW 

.0116 .06(^8 

.0149 .1627 



.D3i9 .6428 

.0378 .B776 

.0407 .60n7 

.0436 .6.'W7 

.046B .6677 

XM94 .6^) 

.0523 .7188 

.06B3 .7423 

.O'Wl .7645 

.0610 .78.'!7 



.1449 .1612 

,1478 ,161ff 

.1607 .1781 

.1936 .1863 



67.390 .7581 

49.104 .6911 

42.96* .6331 

38.IS8 .6810 

34.368 .5363 

31.242 .4947 



22.904 .3599 

21.470 .3318 

20.206 ,3066 

19.081 .2806 

18.076 .2.171 

17.169 .2348 

16.3B0 .2i;« 

15.606 .1933 



12.26! .0882 



11.058 .0437 

10.712 .0299 

10.386 .0164 

10.078 .0034 

9.7883 .9907 

9.6144 .9784 

9.2553 ,9654 

9,0098 .9547 

8.7769 .9433 

8,5555 .9322 

8.3450 .9214 

8,1443 .910!) 



7.11(14 ,8522 

6.9683 .84.11 

6.8269 .8342 

6.6912 .8366 



6.3138 .8003 



/ / 



Four Plaee Trigonometric Functions 

lAtlrs of Lo^arllliELi^ omitted — dflUrmlne by the naua] rule from 



H„,„. 


.„„. 


VbIhV 


Lng,„ 


^■IT 


U-. 


vSsi""e::;,„ 


OomH. 








.1571 


B°00' 


.1561 


,1913 


,1S84 


1997 


«i,3138 ,8003 


9877 ,9946 


81° 00' 


lllW 






10 


.1593 


.30',J3 


,1614 


.2078 


6,1970 


7922 


9873 


9944 




lUltW 




'.VS39 








,164* 


3V>S 


6.0844 


7842 


9868 


9913 


40 


1,4079 




.1658 


30 


.1«90 


.2176 


.1673 


2236 


5.9758 


7764 


9863 


9W0 


30 


1.4060 




Aim 


40 


.1679 


.2251 


.1703 


2313 


5.8708 


7687 


!«5B 


9938 


20 


1,4021 




.1716 


BO 


,1708 


.3334 


.1733 


J3«9 


5,76W 


7611 


9853 


9936 




1.3992 






10° DO' 








2463 


5.6713 


7937 


9818 


9934 


80=00' 


1.3963 




AlU 


10 




'.-MA 




iS.'W 


5.67W 


7464 


9843 


9931 


50 


1.3934 




.ISM 


20 


.mn 


.■>5,W 


.1H23 


2609 


5,4815 


7391 




9939 


40 


1.3904 




.1S33 


30 


.W22 


,260»! 




2680 


5.;(H'Ji 


7330 




9927 


30 


1,3875 




.18(i2 






,2671 




2750 


5,3093 


7250 




9934 


20 


1.3846 














3819 




7181 


9832 


9922 




1.3817 




,IK>0 


iroo' 


.lilOt* 


.2806 


.1944 


3887 


5.1446 


7113 


9816 


9919 


79=00' 


1.3788 




.IMS 


10 


.1937 


,2870 


.1974 


2953 


9.0658 


7047 


9811 


9917 


60 


1.3769 




-1978 




.IWifi 


,3934 


,3004 


3030 


4,9894 


6980 


9805 


9914 








.200T 






,2997 




3085 


4.9152 






9913 










40 


.2022 


.3018 


,20ii,'i 


3149 


4.8430 


0851 


9793 


9B09 


20 


1.3672 




.2065 


50 


.2051 


,3119 


.2095 


3212 


4.7739 


8788 


9787 


9907 


10 


1.3613 




.2091 


18° 00' 


.2079 


,3179 




3375 


4.70*6 


6736 


9781 


9904 


78°O0' 


1,3014 




.2133 










3336 




66M 


9775 






1.3581 




.3153 








.3186 








9769 


S8!I9 


40 


1,3666 




.3183 


30 


.'.ilHl 




.2'J17 


3458 


4.5107 


6543 


9763 


9806 


30 


1..W26 




.2211 


40 


.2193 


.3110 


.:K47 


3517 


4.4494 


6483 


9767 


9893 


20 


1.3497 




.3340 




.2231 


,:i466 


.2278 


357)1 


4,3897 


6434 


9750 


9890 


10 


1.3468 






la-'oo- 






.3309 




4.3315 




9744 


9887 


77° W 


1.3439 




!2298 


10 


!2378 


'.3675 


.2339 


3691 


4.3747 


6309 


9737 


9884 


50 


1,3410 




.^■n 


20 


.2306 


.3629 


.2370 


3748 


4.2193 


0252 


9730 


9881 


40 






.33.W 




.3331 


.3663 


,2401 


3804 


4,1663 


61B6 


9734 


9878 


30 


l!3363 




.2;W5 




.■nm 


.3731 




3S59 


4.1126 


0141 


9717 


9875 


20 


1.3323 






SO 


.2381 


.3786 


!24B3 


3914 


4.0611 


6086 


9710 


9873 




1.3294 




.2M3 


14° W 


.2419 




,2193 


3968 


4.0108 


6032 


9703 


9869 


76° 00 


1.3265 




.2473 


10 


.244T 


,3887 


,2934 


4031 


3,9617 


6979 


9696 


9866 


SO 


1.3236 




.2502 


20 


.2476 


.3937 




4074 


2,913'! 


6926 


.9689 


9863 


40 


1.3206 








.2504 




i35Sfl 


4127 


3.8667 


5873 






30 






.3560 


40 


.2532 


.4035 


,2617 


4178 




6832 


.9674 


9866 


20 


1.3148 




.2589 


no 


.2560 


.4083 


.3648 


4230 


3,7760 


5770 


.9667 


9853 


10 


1.3119 




.2618 


lfi=0O' 


.2588 


.4130 


,2679 


4281 


3,7321 


6719 


9669 


9849 


76° 00' 


1,3090 






10 


.2616 


.4177 




4331 


3.6891 


5669 




9846 


50 


1.3061 




.2^76 


20 


.2641 


.4223 


,2742 


4381 


3.6470 


6619 


9tH4 


9843 








.2705 


30 


.2672 


.4269 


,2773 


4430 


3.6059 


6670 


.9636 


9839 




1.3003 




.2731 


40 


,3700 


.4314 


,3805 


4479 


3.6636 


5621 


.0628 


9836 


20 


1.2974 




.3763 




.3728 


.4359 


.2830 


4537 


3Jt261 


Ji473 


.9631 


9833 


10 


1.3916 




.2793 


18=00' 


.2756 


.4403 


,3867 


4075 


3.4874 


5436 


9613 




74° 00 


1.2915 




,2832 


10 


.2784 


.4447 


.28519 


4H23 


3.4493 


5378 


.9605 






1.2886 




.2851 


IM 


-3R13 


.4491 


.3931 


4669 


3.4124 


5331 


9596 


9821 


40 


1,2857 




.2880 






.avA 




4716 


3.3759 


6284 




9817 


30 


1,2828 




.2U00 


40 




.4376 






3.3402 


5338 


9580 


9814 


20 


1.2799 




.2a38 


50 


,2«ii6 


,4618 


.:WJ6 


4M08 




5192 




9810 


10 






.2967 


17=00' 


.21*31 


.4659 


.ao.w 


4853 


3.2709 


5147 


9563 


9806 


T8°00 


1.2741 




.2-196 




,2953 


.4700 


.3089 


4898 


3.2371 


6103 


9666 


9802 


50 


1,2712 




.3025 












3,2041 


.6057 


9546 


9798 


40 


1,2683 




.3051 


30 


!3007 


^4781 


!3153 


4!«7 






9537 


9794 


30 


1,3654 




.3083 


40 


.9035 


.4821 


.3185 


6031 


3,1397 


4.969 






20 


1.2fi25 




.3113 




.3063 


,4861 


,3317 


JS07S 


3,1084 


4925 


9520 


9786 




1,2595 




.3112 


18=00' 


.3090 


.4900 


,3349 


5118 


3,0777 


4882 


9611 


9782 


72° 00 


1,2566 
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RAnTANft 


Dkorkbs 


81NB 


Tangent 


Cotangent 


Cosine 
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Value 
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.3142 


18° 00' 


.3090 


.4900 


.3249 


.5118 


3.0777 .4882 


.9511 


.9782 


72° 00' 


1.2666 


.3171 


10 


.3118 


.4939 


.3281 


.6161 


3.0475 .4839 


.9502 


.9778 


60 


1.2637 


.3200 


20 


.3145 


.4977 


.3314 


.5203 


3.0178 .4797 


.9492 


.9774 


40 


1.2508 


.3229 


30 


.3173 


.5015 


.3346 


.5245 


2.9887 .4755 


.9483 


.9770 


30 


1.2479 


.3268 


40 


.3201 


.5062 


.3378 


.5287 


2.9600 .4713 


.9474 


.9765 


20 


1.2450 


.3287 


60 


.3228 


.5090 


.3411 


.5329 


2.9319 .4671 


.9466 


.9761 


10 


1.2421 


.3316 


190 00' 


.3256 


.5126 


.OTr4o 


.5370 


2.9042 .4630 


.9455 


.9757 


71° 00' 


1.2392 


.3345 


10 


.3283 


.5163 


.3476 


.5411 


2.8770 .4589 


.9446 


.9752 


50 


1.2363 


.3374 


20 


.3311 


.5199 


.3608 


.5451 


2.8502 .4549 


.9436 


.9748 


40 


1.2334 


.3403 


30 


.3338 


.5235 


.3641 


.5491 


2.8239 .4509 


.9426 


.9743 


30 


1.2305 


.3432 


40 


.3365 


.5270 


.3574 


.5531 


2.7i)80 .4469 


.9417 


.9739 


20 


1.2275 


.3462 


50 


.3393 


.5306 


.3607 


.5571 


2.7725 .4429 


.9407 


.9734 


10 


1.2246 


.3491 


20^00' 


.3420 


.5341 


.3640 


.5611 


2.7475 .4389 


.93Sfr 


.9730 


70° 00' 


1.2217 


.3620 


10 


.o44o 


.5375 


.3673 


.5650 


2.7228 .4350 


.9387 


.9725 


50 


1.2188 


.3649 


20 


.3475 


.6409 


.3706 


.5689 


2.6985 .4311 


.9377 


.9721 


40 


1.2159 


.3678 


30 


.3602 


.5443 


.3739 


.5727 


2.6746 .4273 


.9367 


.9716 


30 


1.2130 


.3607 


40 


.3529 


.5477 


.3772 


.6766 


2.6511 .4234 


.9356 


.9711 


20 


1.2101 


.3636 


50 


.3557 


.5610 


.3805 


.5804 


2.6279 .4196 


.9346 


.9706 


10 


1.2072 


.3666 


21° 00' 


.3584 


.6643 


.3839 


.6842 


2.6051 .4158 


.9336 


,9702 


69° 00' 


1.2043 


.3694 


10 


.3611 


.5676 


.3872 


.5879 


2.6826 .4121 


.9325 


.9697 


50 


1.2014 


.3723 


20 


.3638 


.5609 


.3906 


.5917 


2.5605 .408:3 


.9315 


.9692 


40 


1.1985 


.3762 


30 


.3666 


.5641 


.3939 


.5954 


2.5386 .4046 


.9304 


.9687 


30 


1.1966 


.3782 


40 


.3692 


.5673 


.3973 


.5991 


2.5172 .4009 


.9293 


.9682 


20 


1.1926 


.3811 


50 


.3719 


.5704 


.4006 


.6028 


2.4960 .3972 


.9283 


.9677 


10 


1.1897 


.3840 


22° 00' 


.3746 


.5736 


.4040 


.6064 


2.4751 .3936 


.9272 


.9672 


68° 00' 


1.1868 


.3869 


10 


.3773 


.5767 


.4074 


.6100 


2.4545 .3900 


.9261 


.9667 


50 


1.1839 


.3898 


20 


.3800 


.5798 


.4108 


.6136 


2.4342 .3864 


.9250 


.9661 


40 


1.1810 


.3927 


30 


.3827 


.5828 


.4142 


.6172 


2.4142 .3828 


.9239 


Mm 


30 


1.1781 


.3966 


40 


.3854 


.5859 


.4176 


.6208 


2.3945 .mr2 


.9228 


.9651 


20 


1.1752 


.3986 


50 


.3881 


.6889 


.4210 


.6243 


2.3750 .3757 


.9216 


.9646 


10 


1.1723 


.4014 


28° 00' 


.3907 


.5919 


.4245 


.6279 


2.3559 .3721 


.9205 


.9640 


67° 00' 


1.1694 


.4043 


10 


.3934 


.5948 


.4279 


.6314 


2.3369 .3686 


.9191 


.9635 


60 


1.1665 


.4072 


20 


.3961 


.5978 


.4314 


.6348 


2.3183 .3652 


.9182 


.9629 


40 


1.1636 


.4102 


30 


.3987 


.6007 


.4348 


.6383 


2.2998 .3617 


.9171 


.9624 


30 


1.1606 


.4131 


40 


.4014 


.6036 


.4383 


.6417 


2.2817 .3583 


.9159 


.9618 


20 


1.1577 


.4160 


50 


.4041 


.6065 


.4417 


.6452 


2.2637 .3548 


.9147 


.9613 


10 


1.1548 


.4189 


24° 00' 


.4067 


.6093 


.4452 


.6486 


2.2460 .3514 


.9135 


.9607 


66° 00' 


1.1519 


.4218 


10 


.4094 


.6121 


.4487 


.6520 


2.2286 .3480 


.9124 


.9602 


50 


1.1490 


.4247 


20 


.4120 


.6149 


.4522 


.6553 


2.2113 .3447 


.9112 


.9596 


40 


1.1461 


.4276 


30 


.4147 


.6177 


.4657 


.6587 


2.1943 .»*13 


.9100 


.9590 


30 


1.1432 


.4306 


40 


.4173 


.6205 


.4592 


.6620 


2.1775 .3380 


.9088 


.9584 


20 


1.1403 


.4334 


50 


.4200 


.6232 


.4628 


.6654 


2.1609 .3346 


.9075 


.9579 


10 


1.1374 


.4363 


26° 00' 


.4226 


.6259 


.4663 


.6687 


2.1445 .3313 


.9063 


.9573 


65° 00' 


1.1345 


.4392 


10 


.4253 


.6286 


.4699 


.6720 


2.1283 .3280 


.9051 


.9567 


50 


1.1316 


.4422 


20 


.4279 


.6313 


.47;^ 


.6752 


2.1123 .3248 


.9038 


.9561 


40 


1.1286 


.4461 


30 


.4305 


.6340 


.4770 


.6785 


2.0965 .3215 


.9026 


.9555 


30 


1.1267 


.4480 


40 


.4331 


.6366 


.4806 


.6817 


2.0809 .3183 


.9013 


.a549 


20 


1.1228 


.4509 


50 


.4358 


.6392 


.4841 


.6850 


2.0655 .3150 


.9001 


.9543 


10 


1.1199 


.4538 


26° 00' 


.4384 


.6418 


.4877 


.6882 


2.0503 .3118 


.8988 


.9537 


64° 00' 


1.1170 


.4567 


10 


.4410 


.6444 


.4913 


.6914 


2.0;}53 .3086 


.8975 


.9530 


50 


1.1141 


.4596 


20 


.4436 


.6470 


.4950 


.6946 


2.0204 '.3054 


.8962 


.9524 


40 


1.1112 


.4625 


30 


.4462 


.6495 


.4986 


.(5977 


2.0057 .3023 


.8949 


.9518 


30 


1.1083 


.4654 


40 


.4488 


.6521 


.5022 


.7009 


1.9912 .2991 


.8936 


.9512 


20 


1.1054 


.4683 


50 


.4614 


.6546 


.5059 


.7040 


1.9768 .2960 


.8923 


.9505 


10 


1.1025 


.4712 


27° 00' 


.4540 


.6570 


.5095 


.7072 


1.9626 .2928 


.8910 


.9499 


63° 00' 


1.0996 
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.4887 
.4916 
.494S 
,4974 



.6091 
.5120 
,flUB 



> .4720 ,( 

) .4740 .1 

I .477^ .( 

I .47117 .f 



1 1.W52G 

l.iHS6 .281]7 

1,»347 .2800 

i 1.11210 , """ 

1.1)074 .2804 

i J.8H10 ,2774 

1.SH07 .2743 

l.K(17fi .3713 



] .7348 

T .7878 

i ,7408 

3 ,74,'» 

1 .74(17 

3 .74117 



1,771115 .L_._ 

1.7fl7B .2474 . 

].7Kt6 .3444 . 

1.743T .241B 

I 1.7331 .ami 

1,7206 .2S5« 

I.7O90 .3327 



.8670 .1 
.8660 .1 
.Hi>4tl .! 



3.6»4 .2184 . 

].((42lt .2I.'i.') . 

I.&119 .3127 . 

1.H212 .2098 . 

I l-tJlOI .3070 . 



.7380 .1 
i .7400 .1 
I .7419 ,1 



' J57ia 
■ .6736 
' .07l» 



l.mm .1980 . 

I.IWKR .1B68 . 

I 1.5.'HI7 .IKW . 

r 1.5407 .1B03 .. 

1 1.5399 .1876 .. 

I IJOOl .1847 . 

I 1.5304 .1820 ,. 

1.6108 .1792 . 

i 1JB13 ... 

■ ■' '-.9 .1737 . 

I 1.4836 .1710 . 

1,4733 .1083 . 

I.4(U1 -Ifi.'id .. 

1.46^i0 .16211 .. 

l,44i!0 .]fl02 .. 

i 1.4370 ,1676 .. 



) 1.3934 ,1441 . 
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Printed in tlie UmwdSttwi <* kioeM*. 



'T^HE following pages contain advertisements of a 
few of the Macmillan books on kindred subjects. 



THE CALCULUS 

BY 

ELLERY WILLIAMS DAVIS 

Professor of Mathematics, the University of Nebraska 

Assisted by William Charles Brenke, Associate Professoi ol 
Mathematics, the University of Nebraska 

Edited by Earle Raymond Hedrick 

Cloth, semi-flexible^ xxi •\- 383 pp, + Tables (6j), i2mo, %2,io 
Edition De Luxe, flexible leather binding, India paper, $2. so 

This book presents as many and as varied applications of the Calculus 
as it is possible to do without venturing into technical fields whose subject 
matter is itself unknown and incomprehensible to the student, and without 
abandoning an orderly presentation of fundamental principles. . 
• The same general tendency has led to the treatment of topics with a view 
toward bringing out their essential usefulness. Rigorous forms of demonstra- 
tion are not insisted upon, especially where the precisely rigorous proofs 
would be beyond the present grasp of the student. Rather the stress is laid 
upon the student's certain comprehension of that which is done, and his con- 
viction that the results obtained are both reasonable and useful. At the 
same time, an effort has been made to avoid those grosser errors and actual 
misstatements of fact which have often offended the teacher in texts otherwise 
attractive and teachable. 

Purely destructive criticism and abandonment of coherent arrangement 
are just as dangerous as ultra-conservatism. This book attempts to preserve 
the essential features of the Calculus, to give the student a thorough training 
in mathematical reasoning, to create in him a sure mathematical imagination, 
and to meet fairly the reasonable demand for enlivening and enriching the 
subject through applications at the expense of purely formal work that con* 
tains no essential principle. 



THE MACMILLAN COMPANY 

PnUisbsrs 64-66 Fifth Atoum '&«« 1«£Ir. 
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Descriptive Geometry 



By ERVIN KENISON 

Associate Professor of Drawing and Descriptive Geometry 

AND 

* HARRY C. BRADLEY 

Assistant Professor of Drawing and Descriptive Geometry in the 
Massachusetts Institute of Technology 

Edited by Professor E. R. Hedrick 

Cloth f I2m0j $2.00 

The point of view maintained in this text is that of a 
draftsman. Mathematical formulae and analytic computa- 
tions have been almost entirely suppressed. The method of 
attack throughout is intended to be that which shall most 
clearly present the actual conditions in space. Wherever 
experience has shown that a simple plan and elevation are 
not sufficient for this purpose, additional views or pro- 
jections have been introduced freely, corresponding to the 
actual drafting practice of making as many side views or 
cross sections as may be needed. 

The amount of ground covered by this book is that which 
is considered sufficient to enable the student to begin the 
study of the technical drawings of any line of engineering 
or architecture. It is not intended to be a complete treatise 
on descriptive geometry. Detailed exposition of . such 
branches as shades and shadows, perspective, stereographic 
projection, axonometry, the solution of spherical triangles, 
etc., will not be found here, but the student is prepared to 
take up any of these subjects. 



THE MACMILLAN COMPANY 

PnbliBhers 64-66 Fifth Ayenue Hew York 



College Algebra 



By E. B. skinner 

Associate Professor of Mathematics in the University of Wisconsin 



Edited by Professor E. R. Hedrick 

Cloth, i2mo. Illustrated, $i.jo 

The essentials of a course in algebra are put into the 
smallest possible compass consistent with clearness of 
presentation to elementary students. Enough material in 
the way of examples is provided to enable the student to 
acquire some skill in manipulation. The practical side of 
the work is emphasized by giving much space to the detailed 
study of the functions that are most important in science and 
in applied mathematics. The student is encouraged to 
think of his algebra in a concrete way by the giving of 
geometrical interpretations as far as possible. The way is 
prepared not only for a clear comprehension of the imme- 
diately practical side of algebra, but also for a natural and 
easy transition to the Analytical Geometry and the Cal- 
culus. 



THE MACMILLAN COMPANY 

Pnblishers 64-66 Fifth Avenue Hew York 



Elementary Mathematical Analysis 

By JOHN WESLEY YOUNG 

Professor of Mathematics in Dartmouth College 

AND 

FRANK MILLET MORGAN 

Assistant Professor of Mathematics in Dartmouth College 

Edited by Earle Raymond Hedrick 
Professor of Mathematics in the University of Missouri 

$2.60t Clothe 1 2mo J ^42 pages 

A textbook for the freshman year in colleges, universities, 
and technical schools, giving a unified treatment of the 
essentials of trigonometry, college algebra, and analytic 
geometry, and introducing the student to the fundamental 
conceptions of calculus. 

The various subjects are unified by the great centralizing 
theme of functionality, so that each subject, without losing 
its fundamental character, is shown clearly in its relation- 
ship to the others, and to mathematics as a whole. 

More emphasis is placed on insight and understanding of 
fundamental conceptions and modes of thought; less 
emphasis on algebraic technique and facility of manipula- 
tion. Due recognition is given to the cultural motive for 
the study of mathematics and to the disciplinary value. 

The text presupposes only the usual entrance require- 
ments in elementary algebra and plane geometry. 



THE MACMILLAN COMPANY 

Publishers 64-66 Fifth Avenue Hew York 



Mathematics for Students of Agriculture 
and General Science 

By ALFRED MONROE KENYON 

Professor of Mathematics 

AND 

W. V. LOVITT 

Assistant Professor of Mathematics at Purdue University 
Edited by Professor E. R. Hedrick 

Cloth y i2mo, $2.00 

This book is designed as a text in Freshman mathematics 
for students specializing in agriculture, chemistry and 
physics in colleges and in technical schools. The selection 
of topics has been determined by the definite needs of these 
students. Since this course is to constitute the entire 
mathematical equipment of some students, some chapters 
have been inserted which have seldom been available to 
Freshmen, for example, the chapters on annuities, averages 
and correlation, and the exposition of MendeFs Law in the 
chapter on the binomial expansion. Particular attention 
has been given to the illustrative examples and figures, and 
to the grading of the problems in the lists. Exercises 
constitute about one-fifth of the text and contain a wealth 
of material. 

Four place mathematical tables printed at the end of the 
text have been selected and arranged for practical use 
and are adapted to the requirements of the examples and 
exercises in the book. 



THE MACMILLAN COMPANY 

Publishers M-66 Yilt;h L^euue Hew York 



A First Course in Higher Algebra 



By HELEN A. MERRILL 

Professor of Mathematics in Wellesley College 

AND 

CLARA SMITH 

Associate Professor of Mathethatics in Wellesley College 

Cloth ^ i2mo, $1.^0 

At this time when combination courses are receiving so 
much attention, a book which introduces notions of the 
calculus early should be valuable. The present volume, an 
elementary text in higher algebra, is based entirely on the 
theory of limits, which is treated- as rigorously as an elemen- 
tary text allows. 

It is intended for use in required Freshman mathematics 
courses, and it seems especially well adapted for this 
purpose. Its most admirable features are : 

1. It gives the student the ability to use the derivative 
in a course in analytic geometry, enabling him to derive 
equations of tangents, polars, etc., in the best possible way. 

2. The sense of familiarity which the student gains 
with the beginnings of the calculus makes for ease and 
rapidity in that study. 

3. He is equipped earlier than is customary to use 
mathematics in science courses. 



THE MACMILLAN COMPANY 

Publishers 64-66 Fifth Avenue Aew Yotk 
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